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ystem you work with can meet tight elece- design services, build your sub- 
trical characteristics as well as tight space systems, or even fabricate all 
limitations. of your product for you. 
And we'll show you how the system you For more information, call 
choose will fit successfully into production. the AMP Information Center 
With the packaging you need. The tooling _ near you. 
and feeder modules you need. And the Scandinavia: 
support you need in training and mainte- Sweden 46-8-580-833-00 
nance, (fax 46-8-580-194-70) 
Need more help? We supply fulltechni- Central Europe: Southern Europe 
cal information, catalog sheets, and2D and —_-Holland 31-73-20-0911 (fax 31-73-21-2365) France 33-1-34-20-8888 (fax 33-1-34-20-8600) 
3D models of many product lines to shorten Germany 49-6103-7090 (fax 49-6103-709223) Italy 39-11-401-21111 (fax 39-11-403-1116) 
your design cycle. And we can provide Great Britain 44-81-954-2356 (fax 44-81-954-6234) Spain 34-3-200-8466 (fax 34-3-201-7879) 


THIS IS AMP TODAY. AAINiE - 
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LCD Proto Kit 


Everything you need to 
start your LCD application 
.... create complex screens 
in just a few hours! 


240 x 64 
pixel 
Supertwist 
LCD 


Kit provides 
serial inter- 
face to IBM 
PC for quick 






















mounts prototyping. 
directly Board also 
onto supports 








CYBO03 displays up 
proto- to 240 x 128 
typin pixels. 





board. 





Interface to 
6 soft keys or 
4x 4 key matrix. 


Dial 0-25k 
ohms for LCD 
contrast. 













Controller 
provides 









Wirewrap 
area for 























custom parallel or 
circuitry serial high- 
or back- level control 
light. of Instrument- 
size LCDs. Up 
to 256 built-in 





windows support 
window-relative 
text, bargraphs, 
waveforms, and 
plots. Text and 
graphics are main- 
tained in separate 
planes, facilitating 
special effects. 
Complete User 
Manual included. 




















RJ 11 
serial jack for 





RxD, TxD, 

CTS, and 5 Pin Alternate Add your own 8051 
GND, plus Power Power CPU for stand 
2 spares. DIN. Connector. alone operation. 


Kit also includes: 


Power suppy provides +5v and Gnd for 
board, -12v for LCD, 
and + 12v spare. 












Sample routines in 
8051 Assembler 
and QuickBasic. 


LCD Paint™ for 
creating your own 
graphics 
images. 














4-wire 4 
RJ11 style 
cable with 












DB25F 
connector 
for your IBM PC. 
$495 - Kit Demo routines 
preprogrammed 
into 8751 for 










Popular LCD Starter 





a - immediate 
(MO) VISA ANABLX gratification. 
Peery 


($595 pre-assembled & tested) 


*The CY325 CMOS 40-pin DIP and 44-pin 
PLCC LCD Controller IC are available 
from stock @ $75/singles, $20/1000s . 


CyberneticMicroSystems 


‘s) Box 3000 @ San Gregorio CA 94074 






Tel: 415-726-3000 @ Fax: 415-726-3003 
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MISCONCEPTIONS ABOUT PRODUCTIVITY 


‘and time-to-market, to name a couple. In fact, McKinsey & Co. is the same 


EDITORIAL 









































rker productivity in the United States versus Japan and other 
countries seems to be under continual attack these days. Certainly, 
keeping a lid on production costs through design for manufacturabil- 
ity and high employee productivity is a prerequisite for any manufac- 
turing company’s long-term ability to compete in international markets. But, 
despite gloomy reports on productivity that have plagued various industries in the 
US. in recent years, it seems that such gloom and doom are somewhat unfounded. 
Anew study by the consulting firm McKinsey & Co. indicates that U.S. productiv- 
ity stacks up well against international competitors. 

The study covered productivity (output per hour worked) in nine industries: 
computers, consumer electronics, automobiles, auto parts, metalworking, steel, 
soaps and detergents, food, and beer. According to the study, as described in 
The New York Times, U.S. industry is outpacing Japan and Germany in the 
nine industries taken as a whole: with the U.S. asa base of 100, Germany rates 
an 83 and Japan a 79. In other words, German productivity overall in these nine 
industries is 83% that of the U.S. and Japan’s is 79%. The U.S. leads in 
computers, soaps and detergents, beer, and food. Japan leads in steel with a 145, 
and notched a 124 in auto parts, 119 in metalworking, and 116 in automobiles. 

In one segment of the electronics industry—computers—the U.S. also 
ranked first: The German computer industry’s productivity rated an 89 and 
Japan’s a 95. However, in consumer electronics, it’s a different story: Japan leads 
with a score of 115—15% higher productivity than the U.S.—while Germany’s 
productivity in consumer electronics is 62. 

Interesting statistics, to be sure, but productivity is not the only contributor 
to market success. Other factors are just as important, if not more so: quality 


firm that issued the landmark study on the impact of time-to-market on a new 
product’s profitability. When it comes to quality, customer demands seem to 
be on the rise, and that really isn’t reflected in manufacturing productivity. In 
automobiles, for example, Germany, with a productivity figure of 66 compared 
with the U.S.’s 100 and Japan’s 116, nevertheless has a well-deserved reputa- 
tion for quality with its Mercedes and BMWs. Yes, they’re high-ticket items, 
but they’re also standards-setters for quality (and, depending on your tastes, 
you might feel the same way about German beer, even though the U.S. beer 
industry’s productivity outdistances Germany’s with a score of 100 to 44.) 
Productivity numbers are certainly important when trying to measure how 
well the U.S. is doing. However, you 
must add in such factors as quality and 
time-to-market to get the total picture. 


Editor-in-Chief 

















_ Having difficulty locating RF or pulse 
transformers with low droop, fast risetime or a 
particular impedance ratio over a specified frequency — 
range?....Mini-Circuits offersa solution. =~ 

Choose impedance ratios from 111 to 36:1. in 
connector, TO-, flatpack, surface-mount, or pin 
versions (plastic or metal case built to meet 
MIL-T-21038 and MIL-T-55631 requirements*). 















Coaxial connector models are offered with 50 and 75. 2 b : : BAG bee 
ohm impedance; BNC standard, other types on feQuesit.. — styleKK8T 






Ultra-wideband response achieves low droop and fast. "7! 
risetime for pulse applications. Ratings up to 1000M ohms 
insulation resistance and up to 1000V dielectric voltage. For d 
wide dynamic range applications involving up to 100mA ee TTHIT 
primary current, use the T-H series, Fully detailed data == eran SURES 
appear in our 740-pg RF/IF Designer’s Handbook. : 

Need units in a hurry?...all models are covered by Our 
exclusive one-week shipment guarantee. 

Only from Mini-Circuits. 


*units are not OPL listed. 








WE ACCEPT AMERICAN EXPRESS AND VISA 
2 P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 
Distribution Centers ‘NORTH AMERICA 800-654-7949 » 417-335-5935 Fax 417-335-5945 EUROPE 44-252-835094 Fax 44-252-837010 


ir detailed specs on all Mini-Circuits products refer to e THOMAS REGISTER Vol. 23 e MICROWAVES PRODUCT DIRECTORY e EEM e MINI-CIRCUITS’ 740-pg HANDBOOK. — " 
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Minimizing Clock Skew 


Unique chip layout technique from OKI 


KI Semiconductor employs an integrated devel- 

opment environment in which the positions and 
sizes of clock drivers and trunk lines are determined by 
floor plan and flip-flop placement. This innovative ap- 
proach has allowed the Sunnyvale, CA ASIC manufactur- 
er to take the lead in minimizing RC loading variances. In 
fact, OKI guarantees a worst-case clock skew of 
1.0 ns; 0.5 ns typical. 

The OKI technique, which applies to all 0.8 um ASIC 
products, lets you balance loading distribution among 
clock trunk lines at the layout stage plus gives you the 
flexibility to handle a wide array of design requirements. 
Such requirements can include multi-phase clocks, mega- 
macro blocks, a broad choice of floor plans, and more. 


Current practice 

Most chip designers still address the clock skew prob- 
lem using one of two approaches: the multi-level tree 
method or the clock trunk technique. 


Clocked Cell oe 
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Branch --.. 
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Pad Input Buffer 


Figure 1. OKI’s Clock Tree Structure 
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Clock Drivers 
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The problem with multi-level trees is that the mul- 
ti-level drivers create unwanted delays and frequently 
exhibit inconsistent driving capabilities. 

In the clock-trunk approach, single-level clock 
drivers have wired outputs and run all the flip-flops 
through wide trunk lines. While this can solve the 
problems of the multi-tree approach, the clock drivers 
and trunk lines are embedded in the base array, re- 
stricting positioning and causing new balance-loading 
concerns. 


OKI’s answer: flexible clock trunks 

The OKI solution is an automated layout technique 
that is entirely transparent to the designer. It centers 
around a flexible, single-level clock trunk approach in 
which the positions of the clock drivers and trunk 
lines are driven by the layout software. The advan- 
tages of this approach are twofold... 

First, the software generates clock trunk lines on 
the basis of flip-flop distribution, after placement, 
making easy load-balancing possible among the trunk 
lines. Second, with the OKI solu- 
tion, you can work with a large 
variety of design styles used in 
IC layouts. 


Sub Trunk Clock driver structure 


Figure 1 is a layout showing 
OKI’s unique clock-handling 
structure. A vertical clock driv- 
er — composed of a number of 
output transistors and having a 
common output terminal from 
which trunk lines run horizon- 
tally — is placed inside the core 
area. (The logical macrocell, as 
opposed to the physical struc- 
ture, is a simple, one-component 
logic model in your netlist.) 
Each flip-flop connects to a 
clock trunk via short, mini- 
mum-width branch wires. 


Macrocell 
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Figure 2. Dynamic Clock Driver Placement 


Floor plan placement & clock trunk generation 

After a floor planning session using OKI’s floor plan- 
ning tool, you initiate a layout session in which all the 
components in the design area are automatically 
placed without regard for clock nets. 

The positions and sizes of clock drivers and the 
sizes of the clock trunk lines are determined by the 
particulars of the floor plan. The OKI layout software 
automatically generates an appropriate number of 
clock trunk lines based upon flip-flop distribution. A 
higher concentration of trunk lines is dynamically 
generated (where the lines are needed most) so that 
loading capacitance and resistance are equally dis- 
tributed. [See Figures 2 and 3.] 
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Figure 3. Dynamic Sub-trunk Allocation 


Flip-flops are allocated to the trunk lines so that 
no single line has a greater load. At this point, flip- 
flop placement is further optimized to reduce layout 
interconnect. Finally, minimum-length branch nets 
are routed to each flip-flop, further reducing and bal- 
ancing clock loading. 
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Performance benefits 

Several factors influence clock performance (speed and 
skew). These include the driving capability of the clock 
driver; the fan-out loading capacitance connectable to 
each clock line; and the 
parasitic capacitance 
and resistance existing 
in the layout intercon- 
nect between the clock 
driver and the individu- 
al flip-flops. 

To achieve highest 
performance, OKI has 
analyzed the range of 
capacitance and resis- 
tance on given die 
sizes, defining limits 
for our clock drivers so 
that the maximum ca- 
pacitance and _ resis- 
tance on any one clock 
trunk are not exceeded. 
These limits, expressed 
in terms of maximum fan-out loading, are automati- 
cally implemented in the new OKI layout technique. 

To further assure top performance, routing restric- 
tions, minimizing the length of branch wires, are de- 
fined. The cumulative effect of these implementations 
is to minimize all resistance and capacitance vari- 
ances. In this way, OK] is able to guarantee minimum 
clock skew. 


of these imple- 
mentations is to 
minimize all 
resistance and 
capacitance 
variances. In this 
way, OKI is able to 
guarantee minimum 
clock skew. 


Exceptional test results 

OKI has conducted numerous studies on 0.8 um. 
designs using the new layout technique. In each case, 
the RC circuits of the clock nets were extracted and 
clock skew checked and verified by an HSPICE* cir- 
cuit simulator. The results were excellent. In all the 
tests, the greatest skew obtained was 0.47 ns — a show- 
ing that further confirms the value of the OKI tech- 
nique in which the positions of clock drivers and clock 
trunk lines are flexibly generated. ™ 


*A trademark of Meta-Software, Inc. 





For an application note and a copy of the complete tech- 
nical paper treating the OKI method of reducing clock skew, 
call (800) OKI-6388, and ask for Literature Package # 017. 
For more information from an OKI engineer, call Steve 
Lapham, (408) 737-6337. 
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Minimum “On” Current 

TEMPERATURE CONTROL 

As the resistance of the thermistor 
decreases, a larger voltage is re- 
quired to fire the SCR. In this circuit, 
conduction angles from 90° to 180° 
can be achieved. Thus, the minimum 
‘on’ current will be 50% of the maxi- 
mum ‘on’ current. 
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Hottest 
| Liquid 
LIQUID LEVEL DETECTION 
Taking advantage of the difference in 
dissipation constant between a liquid 
and a gas enables thermistors to 
serve as liquid level sensors over a 
wide range of temperatures. 


Thermistor Division ¢ St. Marys, PA 15857 
814-781-1591 ¢ FAX 814-781-7648 
Keystone Thermistors are distributed by 


Allied Electronics ]-800-433-5700 
Newark Electronics ]-800-367-3573 
Digi-Key Corp. 1-800-344-4539 
Dexter Corporation 1-800-345-4082 
Summit Distributors ]-800-678-6648 
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TECHNOLOGY BRIEFING 


BANK On ATM For Future NETWORKS 


t’s no secret that the amount of data passing over networks links is 
creating bottlenecks. So, what’s to blame? Basically, all signs seem to 
point to current and forthcoming data-hungry applications, especially 
those passing audio, video, images, and animation. Such applications 
include multimedia, teleconferencing, and even those in the medical industry. 

To combat this onslaught of data, designers are looking at several networking 
alternatives—ways to increase the amount of transmitted and received data. 
One choice is asynchronous transfer mode (ATM), which facilitates moving 
large chunks of data over long distances. ATM's data-transfer rate is 155 Mbits/s 
over either single- or multi-mode fiber, or unshielded twisted-pair copper. The 
technology will eventually be applied to both business- and consumer-product 
communications. What’s more, companies like Fujitsu and AT&T are designing 
wide-area ATM networks. 

Although the ATM technology won’t be in the mainstream for a few years, 
products will probably start to appear in the latter half 
of 1994. National Semiconductor Corp., Santa Clara, 
Calif., for example, recently demonstrated a working 
ATM board at the Interop trade show. 

“1994 will be a very exciting year for ATM because 
that’s when the initial products will hit the market,” says 
Shekar Rao, chairman of the ATM Forum’s Market 
Awareness and Education Committee (Rao also is vice 
president of marketing at Efficient Network Technology | 
in Dallas, Texas). The ATM Forum was formed to govern | 
the ATM specification and handle communications be- 
tween the 350 member companies that represent a 
cross-section of the entire industry. The ATM Forum, 
headquartered in Mountain View, Calif., can be reached 
at (415) 962-2585. 

“The negating factor up to this point has been the availability of standard- 
product ICs. During the next 18 to 24 months, the ATM infrastructure will fall 
into place and people will be able to communicate effectively from one desktop 
to another over ATM-based networks,” according to Rao. He says that Efficient 
Network Technology will design and manufacture ATM-based boards for desk- 
top systems, expecting them to sell for under $1000 per node. 

An ATM solution requires an adapter card at each node, similar to an 
Ethernet setup. It also needs an ATM hub for a local system. The specification 
permits copper wire because many buildings are already wired with copper. 
With fiber, though, the transfer rate can eventually be upgraded to 622 Mbits/s 
and beyond. Thus, many may turn to fiber rather than copper, but they must | 
also realize that the higher data rate requires some advances in IC technology. 
Among the companies leading the pack in IC development are Texas Instru- 
ments, Dallas, Texas, and National Semiconductor. 

The ATM protocol employs a fixed byte count—each cell contains 53 bytes. 
This relatively low packet size lowers the processing requirement and elimi- 
nates almost all latency in a packet transmission. In addition, the packets can 
be prioritized. To maintain compatibility with existing standards, the ATM 
protocol was modeled after the Scalable Optical Network (Sonet) specification. 
Sonet defines the transportation and management of digital data. 

FDDI, which stands to be replaced by ATM, is the current state of the art 
for high-end networks. Running at 100 Mbits/s, FDDI differs from ATM in that 
it’s a shared technology. In other words, when another party joins the network, 
the performance is degraded: The more people crowding onto the line lessens 
the amount of bandwidth available to each user. With ATM, the full bandwidth 
is always available. Features that make FDDI attractive are that it’s available 
now and it offers an upgrade path to ATM. Upgrading simply requires an ATM 
card at each terminal and an ATM switch. 
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COMPUTER SYSTEMS 
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aking advantage of new and 
changing computer technologies 
is a requirement in today’s test 
and measurement environment. To 

do so, you must be able to transfer 

your GPIB software programs easily cei ney ee 
between platforms. Our industry- 2 
standard NI-488.2™ software gives you 
the software portability that makes 


this transfer possible. 
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You can easily port NI-488.2 programs 
from one computer platform to 
another. Our IEEE 488.2-specified 
NI-488.2 routines and the traditional 
NI-488° functions have the same 
parameters and syntax on all computer 
architectures and operating systems. 


And, the NI-488.2 software takes full 
advantage of our high-performance 
NAT4882® chip on our interface boards 
for the PC AT, Micro Channel, NEC, 
SBus, NuBus, and TURBOchannel, as 


well as our GPIB controller boxes for 


RS-232, SCSI, and Ethernet. ee eee 


* 


No one gives you more choices or 
flexibility. Your software investment 
is preserved, whatever new computers 
or new applications may emerge in 


the future. 









Qos: 


The Software is the Instrument ® 
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Don’t get caught in FPGA gridlock. Route your design 
to fast completion with the best choice in high-density 
programmable logic. 


FLEX is the only product that offers the advantage of 
Altera’s innovative, three-dimensional FastTrack interconnect. 
Unlike the segmented interconnect of FPGAs, FastTracks are 
continuous metal lines—for consistent, predictable timing 
without detours or bottlenecks. 


Only the FLEX 8000 family combines the speed and 
ease-of-use of EPLDs with the density of FPGAs. Eliminating 
the high NRE costs and The Altera FLEX 8000 Family 
long lead times of gate et ee 
arrays, FLEX will get * ? 
your products to market 
faster than ever. 


FLEX utilizes SRAM technology, allowing in-circuit 
reconfigurability. Plus, low standby power makes FLEX ideal 
for power sensitive applications. It is this unique combination 
of features and ease-of-use that we call FLEX Ability—all at 
a lower cost than FPGA solutions. 


FLEX 8000 is available in a broad range of densities and 
packages. Combined with our easy-to-use MAX+PLUS II 
software, FLEX is as easy to handle as it is powerful. 
MAX+PLUS II is available for PCs and workstations, is 


compatible with industry standard CAE tools, and supports 
Verilog and VHDL interfaces. 


Now you can pass the competition in the time-to-market 
race with FLEX. To receive your copy 
of the new Altera Data Book, or for 


more information on FLEX, call us 


at 800-9-ALTERA (800-925-8372), 
2610 Orchard Parkway, San Jose, CA 
95134-2020. 

There’s no faster way to keep 
your design on track. 
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Silicon solutions for your next level 
of integration. That's Total Integration: 


“Crank up the performance. Extend the battery life. Cut the 
real estate in half. Double functionality. But cut the cost.” 
With system-level solutions migrating to silicon, the task 
keeps getting tougher. 


At Texas Instruments, we're here to help you get to mar- 
ket faster with better products. In short, help extend your 
reach. How? With a new concept called Total Integration™ 


Total Integration takes “integration” beyond just silicon. 
To working together. Total Integration combines our best 
technologies, tools, information and talent to give you a 
competitive edge. It is built on a foundation of world-class 
silicon including advanced standard ICs, cores and cells. We 
also can combine them in ways that extend your reach like 
never before. 


One of our core products: knowledge. By working 
with “teacher-customers,” we've garnered a strong under- 
standing of problem-solving for specific applications. In 
transmission and switching systems. Audio and video com- 
pression. Wireless communications. Smart control. Local 
mass storage. And ultralow power. 


To anticipate your needs, we have developed a portfolio 
of new ICs: A DSP family of more than thirty 16- and 32-bit 
devices and SuperSPARC™ and microSPARC™ processors to 
make RISC multiprocessing easy by simplifying expansion 


from one to many processors. With our TI486SLC, you can 
achieve ’486 performance in a ’386 footprint today and count 
on our road map for the future. 


Reusable — again and again. We've based our prod- 
ucts on digital reusability and simple building-block tech- 
niques. Which means you can maximize your investment in 
product development. 


Advanced embedded arrays enable you to combine gate 
arrays with a variety of core processor functions. Our cus- 
tomizable DSP (cDSP) allows you to optimize DSP cores for 
specific applications just by adding on-chip memory, periph- 
erals and proprietary logic. 


Today’s vision. Tomorrow’s reality. You know your 
system and its software. We know how to apply systems to 
silicon. In fact, we have over 30 highly compatible process 
flows. By working together, you can get to market faster than 
ever before. With products that are better than ever before. 


You see, Total Integration provides a road map to inte- 
gration today and for your next product design cycles. A 
road map based on industry-leading silicon as well as the 
tools, information and talent to help you move smoothly to 
your next level of integration. 


To find out how TI can extend your reach, simply call 
the sales office nearest you. 
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Australia & New Zealand: Sydney, 61-2-878-9000, fax 61-2-805-1186; Melbourne, 61-3-696-1211, fax 61-3-696-4446; 
Elizabeth, 61-8-255-2066, fax 61-8-255-2809. Hong Kong: 852-737-0338, fax 852-735-4954. Korea: 82-2-551-2800, fax 82-2-551-2828. 
Malaysia: 60-3-230-6001, fax 60-3-230-6605. People’s Republic of China: 86-1-500-2255, ext. 3750, fax 86-1-500-2705. Philippines: 63-2-817-6031, 
fax 63-2-522-0146. Singapore (& India, Indonesia, Thailand): 65-350-8100, fax 65-253-6655. Taiwan: 886-2-713-9311, fax 886-2-716-9487. 
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FIRST IN POWER SOLUTIONS 


Designers know us best for our famous HEXFET” power 
_ MOSFETs. But IR has more ways than one to cond ion 
_ power. From 0.5-amp SOT-89s to 7000A puks. In alll, over — 
8,000 power semiconductor catalogued part numbers. 
Besides SCRs, diodes and rectifiers there are IGBTs. 

_ FREDs. Schottkys. Power ICs. Bridges. Practically every 

_ known device for motor control and power conversion. 
From standard to custom. Modules to SMDs. Low to 
medium to high power. For commercial to military. 
_ That’s a lot of ground to cover. But then again, we cover 
~ the world. Write or call for a copy of International Rectifier's 


Power Semiconductors catalog. 310-322-3331, Ext. 2529. 


You'll find there's more to IR than HEXFETs. 


I@R| International Rectifier 


WORLD HEADQUARTERS: 233 KANSAS ST., EL SEGUNDO, CA 90245, USA (310) 322-3331, FAX (310) 322-3392. TELEX 66-4464. EUROPEAN HEADQUARTERS: HURST GREEN, OXTED, SURREY RH8 9BB, ENGLAND (0883) 713215. TELEX 95219 
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NEWSLETTER 


we r Small and mid-sized electronics companies nervously anticipating the 1996 | 
_ Disk FORCE STUDIES CFC phase-out of chlorofluorocarbons (CFCs) for cleaning solder flux from pe | 
_*Rep LACEMENT P ROCESSES boards and other devices may find an answer to their problems ina Beg 

_ program sponsored by the U.S. Federal Advanced Research Projects Agency (ARPA). A> 

- team of government, industry, and university scientists and engineers has been formed to 

evaluate substitute cleaning technologies for their applicability 1 in different manufacturing 

scenarios. As of now, no single replacement technology is a “drop-in solution” for the wide 

- range of processes that use CFC cleaning, says Dr. Laura Turbini, the Georgia Institute of 
Technology engineering professor who heads the team. The team will first study processes | 
that have matured to commercial viability, including semi-aqueous and aqueous detergent 
cleaners, and water-soluble fluxes. In the future, it will turn its attention to less mature | 

7 techniques, such as low-solids/no-clear fluxes and controlled- -atmosphere soldering. The two- 

year effort will make information dissemination a priority by publishing a newsletter, setting | 

up an electronic bulletin board, and conducting tutorials over broadcast satellite. The 1996. 
deadline is a real one because according to the Montreal Protocol signed in 1987, production ¢ on 

CFCs, which are thought to be responsible for depleting the ozone layer, will end i in in 1996. In 

- addition to Georgia Tech, other participants come from the U. S. Army MICOM; the U.S. Na- 

___-val Air Warfare Center at China Lake, Calif.; the U. S. Air Foree’s Rome Laboratory; NASA’s | 
Goddard Space Flight Center; Martin-Marietta; Raytheon; Hughes Aircraft; Texas Instru- S 

7. ‘ments; and Motorola. Contact Laura Turbini at (404) 853-9078. Js : 


 . Signal-processing ICs and highly efficient power supine ieoekenes . | 
ae - Sucon ICs To CUT Harris Semiconductors, Melbourne, Fla., are expected to aid in the war on 
«NOISE P OLLUTION noise pollution. Harris ‘and Noise Cancellation Technologies (NCT), Stam- 

- ford, Conn., will jointly develop and manufacture proprietary silicon ICs that can implement. 

| NePe: active noise-reduction technology. The basic noise-cancellation technology involves 
using a microphone to pick up the noise sources, digitizing the noise signals, and then applying : 
those signals to a DSP IC. The processor analyzes the signal in real time and “calculates” a 
oo train of digital words equal and opposite to the noise signal. This so-called “anti-noise” ee | 
is converted to analog form, amplified for both amplitude and power levels, and applied to one’ 
or more loudspeakers whose outputs cancel (null out) the original noise. Harris brings its ana- 

| log signal-processing IC techniques to the project along with its on-chip high-frequency (1- 
MHz) power pulse-width-modulation (PWM) IC process. Harris’ wide-band op amps, multi- | 

__ plexers, and data converters will handle the analog signals between the microphone and the 
DSP circuit, and between the DSP circuit and the power amplifier. The PWM cireuits ¢ can oon 
ae in class-D pwitehing ke amplifiers with efficiencies topping’ 90%. FG oo 


‘Due to the luck of a comprehensive approach te IC. sudan opemion 
PA ARTNERSHIP TARGETS Applied Intelligent Systems Inc. (AISI), Ann Arbor, Mich., and IntelliVision 
Te ACKAGE INSP ECTION Ltd., Seoul, South Korea, are pooling their resources to come up with a solu- 
tion. At present, numerous partially automated means of inspecting packages exist for print 
legibility, lead positions, and lead coplanarity. These methods, however, must be augmented 
by human visual inspection. AISI’s latest generation of vision computers will be combined 
with newly developed lighting techniques and vision-analysis approaches to integrate vision 
into the semiconductor-packaging process. Complete IC inspection may require dozens of | 
different lighting and vision-processing combinations to cover the full spectrum of device 
types. AISI’s all-software approach to algorithm development, coupled with the power of mas- 
sively parallel prego, is dene to at make this Poe For informataon, call AISla at 
Sie peeey: DM a 


Tee. new crise le wee 1 help decciopens take apes oe the 

an “Tootsen Oprimizes © PowerPC 603 microprocessor, whose low power consumption and low cost 
ERP C 603 P ROCESSOR suit it for notebooks, desktop computers, and embedded applications. From 

: - Motorola Inc.’s Microprocessor D Division, Austin, Texas, the Software Development Package 
-_ ineludes optimizing C and Fortran compilers, a source- level debugger, and an architectural 

~ simulate that enables developers to create and test software for the 603 processor before 
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dc to 3GHZ ... $I 


lowpass, highpass, bandpass 


eless than 1dBinsertionloss ® greater than 40dB stopband rejection ®surface-mount @®BNC, Type N, SMA available 
e5-section, 30dB/octave rolloff ¢ VSWR less than 1.7 (typ) ®rugged hermetically-sealed pin models ®constant phase 
emeets MIL-STD-202 tests @ over 100 off-the-shelf models ® immediate delivery 


attenuation,dB 


attenuation, dB 





Distribution Centers /NORTH AMERICA 800-654-7949 e 417-335-5935 Fax 417-335-5945 





attenuation, dB 


ATTENUATION, dB 


LOW PASS 





frequency 


INSERTION LOSS 


low pass, Plug-in, dc to 1200MHz 












Passband Stopband, MHz Passband Stopband, 
Model MHz loss loss Model MHz loss 

loss < 1dB > 40dB loss < 1dB > 20dB 
*LP-5 8-10 10-200 * LP-250 320-400 
*LP-10.7 19-24 24-200 * LP-300 410-550 
*LP-21.4 32-41 41-200 * LP-450 580-750 
* LP-30 47-61 61-200 * LP-550 750-920 
* LP-50 70-90 90-200 * LP-600 840-1120 
*LP-70 90-117 117-300 * LP-750 1000-1300 
* P-90 121-137 167-400 * LP-800 1080-1400 
*LP-100 146-189 189-400 * LP-850 1100-1400 
*LP-150 210-300 300-600 * LP-1000 1340-1750 
* LP-200 290-390 390-800 *LP-1200 DC-1000 1620-2100 
Price, (1-9 qty), all models: plug-in $14.95, BNC $32.95, SMA $34.95, Type N $35.95 

Surface-mount, dc to 57OMHz 

SCLF-21.4 DC-22 32-41 41-200 SCLF-190 DC-190 290-390 
SCLF-30 DC-30 47-61 61-200 SCLF-380 DC-380 580-750 
SCLF-45 DC-45 70-90 90-200 SCLF-420 DC-420 750-920 
SCLF-135 DC-135 210-300 300-600 





Price, (1-9 qty), all models: $11.45 


Flat Time Delay, dc to 1870MHz 
































oo ae 





6 ot 


Frequency, 


HIGH PASS 





frequency 


BANDPASS 







ELIPTIC RESPONSE 


frequency 











rel to feo 



















Passband Stopband VSWR Group Delay Variations, ns 
MHz MHz Freq. Range, DC thru Freq. Range, DC thru 
Model 0.2fco 0.6fco fco 2fco 2.67fco 
loss < 1.2dB > 10dB > 20dB xX X X X 
* BLP-39 78-117 117 Po: 0.7 4.0 5.0 
* BLP-117 234-312 312 ES 0.35 1.4 1.9 
* BLP-156 312-416 416 0.3: 0.3 1.1 1i5 
8 %*BLP-200 400-534 534 1.6: 0.4 3 1.6 
* *BLP-300 600-801 801 1.25: 0.2 0.6 0.8 
*  *BLP-467 934-1246 1246 1.25: 0.15 0.4 0.55 
¢  ABLP-933 1866-2490 2490 ts 0.09 0.2 0.28 
¢ BLP-1870 3740-6000 5000 45: 9: 0.05 0.1 0.15 
Price, (1-9 qty), all models: plug-in $19.95, BNC $36.95, SMA $38.95, Type N $39.95 
NOTE: A: -933 and -1870 only with connectors, at additional $2 above other connector models. 
high pass, Plug-in, 27.5 to 2200MHz 
Stopband Passband, VSWR Stopband Passband, VSWR 
MHz Pass- MHz MHz Pass- 
Model loss loss band Model loss loss band 
< 40dB < 20dB No. < 20dB <1dB Typ. 
* HP-25 1.8: * HP-400 210-290 395-1600 1.711 
* HP-50 1.5: * HP-500 280-365 500-1600 1.8:1 
* HP-100 1.8: * HP-600 350-440 600-1600 2.0:1 
* HP-150 1.8: * HP-700 400-520 700-1800 1.6:1 
*HP-175 1.5: * HP-800 445-570 780-2000 2.1:1 
* HP-200 1.6: * HP-900 520-660 910-2100 1.8:1 
* HP-250 1.3:1 * HP-1000 550-720 1000-2200 1.9:1 
* HP-300 TF) 
Price, (1-9 aty), all models: plug-in $14.95, BNC $36.95, SMA $38.95, Type N $39.95 


Constant Impedance, 


bandpass, Elliptic Response, 
21.4 to 7OMHz 


10.7 to 7OMHz 


Passband 3 dB 
Bandwidth 


Center Stopbands 
ae ILL. 


CONSTANT 
iMPEDENCE 


. 


70 58-82 
Price, (1-9 qty), all models: plug-in $14.95, 
BNC $36.95, SMA $38.95, Type N $39.95 


Price, (1-9 qty), all models: plug-in $18.95, 
BNC $40.95, SMA $42.95, Type N $43.95 


NOTE: *Add Prefix P, B, N, or S for Pin, BNC, N, or SMA connector requirement. 
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finding new ways ... 
Setting 1 fe standards 


eae Mi | ni [- Ci : rc Ui its WE ACCEPT AMERICAN EXPRESS AND VISA 


P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 


EUROPE 44-252-835094 Fax 44-252-837010 
F1321 





MHz 
loss 
> 40dB 


400-1200 
550-1200 
750-1800 
920-2000 
1120-2000 
1300-2000 


2100-2500 


390-800 
750-1800 
920-2000 


Total Band 
MHz 
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One Chip Solution 


)PT201 is a monolithic, opto-electronic integrated circuit (OEIC) 
ontaining a large 0.09 x 0.09 in. sensitive photodiode and a 
ransimpedance amplifier on a single dielectrically isolated chip. The 
implifier consists of a precision, FET-input op amp and an on-chip 

netal film resistor. OPT201's versatility and /ow price make it clearly the 
deal solution for many applications including medical and laboratory 
astrumentation, position and proximity sensors, photographic analyzers, 
nd smoke detectors. Its wide supply range and low quiescent current 

re excellent for portable and battery operated equipment, too! 


>uts Discrete Designs In The Dark 


)PT201's unique combination of photodiode and amplifier eliminates 
jany problems commonly associated with discrete designs such as 
sakage-Current errors, noise pick-up, and gain peaking due to stray 
apacitance. Available in a transparent mini-DIP, it’s light years ahead 
f the competition. 


Photodiode & Amplifier 
Simplifies Designs 





i 


Key OPT201 Specifications 


wa coF' | 19111818 (<1 7 oper 3 es eer 0.09 x 0.09" 
We NE 2. bas vices css snsn coves snssvtdsousnvenamoceetoe IMQ 
ARN bcs iaiesencivtvnscdaadacemsasessee pe 4kHz 
DIE ooo as cocencesvevossacescbnnasndeasavateieline +? 25V to +18V 
Be GONE coca scccsccscecdssigesssanerovtacssaasaen nena 400pA 
Mes obec secasisdidagas scones transparent mini-DIP, dice 


e From $4.95 in 100s 


Clearly Your Solution—FREE Samples 
see why OPT201 is clearly 
your solution—try one FREE! 
Just call 1-800-548-6132 
for your FREE SAMPLE 
and detailed data sheet. 

Or, contact your local 

Sales rep for more 
information. 
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Burr-Brown International Subsidiary Offices: Austria (43) 222 62 63 71, France (33) 1 395 43558, Germany (49) 711 77040, Italy (39) 2 580 10504, 
Japan (81) 33 586 8141, Netherlands (31) 03465 50204, Switzerland (41) 1 7240928, United Kingdom (44) 923 233837. 








The Alpha AXP™ era has begun. A new era of power and speed. A new realm of possibility. 


Digital just took the risk out of RISC with architecture that owns the future, unprecedented 
64-bit/200MHz power and speed, unlimited applications and the incomparable array of 
Digital service and experience fo back if all up. 


Alpha AXP is not just the fastest, most powerful and adaptable new architecture. It’s Digital. 
Silicon to software, 35 years of full-design support products and services. It’s also freedom. 
Freedom to buy from other major vendors and distributors. The freedom of Digital's entire 
new spectrum of open business practices. 


Alpha AXP designs crunch 400 million instructions per second and are so flexible they work 
with everything from UNIX™, to Windows NT™, fo Open VMS™ and DECelx™. And with Digital's 
systems-engineering experience to help you, look at the possibilities. 





Embedded. In your boards for your In Systems, for your own label and 

designs. 64-bit addressing for new : adaptation. 200MHz clock speed. 
functionality and features. Operating system choice of Windows NT, 
Comprehensive development support OSF/1, Open VMS. Alpha AXP designs 

tools, including Debuggers, Compilers, support allleading databases. Thousands 
Assemblers and Design tools. Realtime of leading applications vendors are 
software from OSF/1™ to DECelx. True already committed 

slean-sheet design . _ to the Alpha AXP : 

withdecadesof +4 family. The best price _ “ 

scalability ahead. - and performance | 

9econd-sourcing workstations | in the © 

or Alpha AXP chips agreed \ with | > 2 ONIX market. The , 
Vitsubishi™. Extensively field- “Proven che highest possible performance alternative | iG 


>erformance and reliability. oo tote traditional 11 PC. eeweey. 
qual ie For fu rther eri - 


lease call 1- 800 DIGITAL. : 


digital 
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In this world of continuous auxiliary comparator functions 
Shatter the high- 


change, one thing remains speed, low-power 


barrier with our 


-f -VsS 
constant— our com- Snncis 
mitment to the 
CS 7 Mil/Aero market. 


as well as an adjustable output 
of 1.23V to 29V. 


bh a- — 


Lock-on to “watchdog” 
fault monitoring with 
the ADCO858. 


8-Bit ADC 


WATCHDOG™ FAULT MONITORING 


In fact, our vast 
arsenal of upgrades 


now includes a number of 





new innovations. So you'll have 
what it takes to compete in 


today’s brave new world. 


Low-Dropout Regulator 


GET LONGER BATTERY 


of all analog functions. Our 
new 8-bit A-to-D con- 
verter delivers flight- 
critical monitoring 
LIFE with ultralow of temperature, 
dropout (<<470mvV ) 
and quiescent <a current inde- 
current. The BS pendently of its 
LP2953 is the world’s most host processor. As a result, 


precise micropower low-dropout 


voltage and 


your pP is free to do other vital 

regulator. It guarantees 250mA tasks and you’re guaranteed 
100% system operation. 

What’s more, the ADC0858 


features programmable 


of output current and 0.2% 


<< 


load and line regulation over the es 


CTS 


full military temperature range, limits, an on-board 
UCC yw 
a sage which reduces your total error MUX, eight analog inputs, +5V 
} 
Cuan comemloudand  DUdgetand external components. — single-supply operation and ( 
clear with the 10-bit 





functionality of theHpc. — Plus, it also has shutdown and a mere 50mW power budget. 








SCAN Solutions (1149.1) 





ay 


BOUNDARY SCAN TESTING made 
easy. Our family of 18-bit SCAN™ 
(Serially Controlled Access Net- 
work) solutions are fully compli- 
ant to IEEE 1149.1. It’s a highly 
integrated, low-power family that 
uses FACT Quiet Series” technol- 
ogy for radiation tolerance, high 


drive and low noise. 


National’s SCAN 
solutions come in 56-pin 
flatpacks — extensions of JEDEC’s 
16-bit pinout to maximize future 


upgrade flexibility. 


#|()] 16-Bit Microcontroller 


FULL 16-BIT FUNCTIONALITY in a 
data-moving machine. When it 
comes to speed-critical signal 
processing, no other pC whips 
through data faster on less code 
than our 16-bit HPC. And nothing 


delivers so much full- 





featured 








Upgrade your takeoffs with the micropower 
precision of the LMG061. 


functionality: 
a programmable UART, 

at least four 16-bit timers, 
64K address space, on-board 
512 RAM and 16K ROM. Which 
means now you can realize greatly 
reduced system costs and devel- 


Opment times. 









#119 


EASY-TO-USE 12-bit Data Acquisi- 
tion System. Our monolithic 
LM12H458 is not only the fastest 
12-bit plus sign DAS around, it’s 
also the easiest-to-use. And that’s 
just for starters. This software- 
programmable 140KS/s and 34mW 
(max @ 5V) performer is also 
unequaled in integration, sporting 
such on-board features as a MUX, 
FIFO, timer, instruction register, 
reference and S/H. All of which 
adds up to increased performance 


and enhanced reliability. 


© 1993 National Semiconductor 
Corporation. WATCHDOG, SCAN and 
FACT Quiet Series are trademarks of 

National Semiconductor Corporation. 
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Target flight-critical 
upgrades with our 
rad-tolerant SCAN 

solutions. 


#123 


ULTRA-LOW POWER backed by 
unparalleled precision. Our new 
single, dual and quad op amps 
(LMC6061/2/4) offer the world’s 
highest precision, single-supply 
performance. These five-star solu- 
tions boast an offset voltage of 
350zV, 10fA input bias current and 
CMRR of 85dB to ensure accuracy 
over the common-mode range. 
And rail-to-rail output swing, 

a critical component for single- 
supply systems where every 
millivolt matters. 


Get things rolling with the 
I[P29553, the world’s most 
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So look to us for a world of solu- 


tions and unmatched service and 
support. Not just now, but for 

the life of your design. For free 
samples and our master upgrade 
listing, here’s your number: 
1-800-NAT-SEMI, Ext. 247 


Here today: 
Backed tomorrow 


ZA National 


Semiconductor 





The best thing about our 
500 MHz scope isnt the low price. 





Just like an analog scope, HP’s 500 MHz 
oscilloscope has a real-time display that 
responds instantly to changes in your 
waveforms or controls. 


How we can offer you a 
500 MHz, delayed sweep 
scope that’s within budget, 
without compromise. 


High bandwidth digital scopes have 
always forced you to sacrifice two 
things you love about analog 
scopes: a familiar look and feel 
and immediate, believable displays. 


Our engineers didn’t think you 
should have to make that compro- 
mise. So they designed the HP 
54610A oscilloscope with the 
analog-style interface you're 
comfortable with, and a new 
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A bright trace and convenient, push- 
button functions like Autostore let you 
easily see and store tough-to-find 
signals. 


digital architecture that produces 
waveform displays superior to 
analog scopes. 


The result: you get the quality and 
performance you'd expect from 
HP. At a price you wouldn't. 


Call HP to see how much scope you can get 


for your money. 


Discover just how easy it is to 
afford a high bandwidth, high 
accuracy oscilloscope by calling 
your local HP sales office or one of 
the numbers listed below. Once 
you hear the price, we think you'll 
agree it’s the best deal of any 500 
MHz scope. 
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Pretrigger viewing and delayed sweep 
mode help you save time by grabbing 
and displaying signals before or after 
the trigger event. 


In fact, you can learn more about 
the HP 54610A scope’s sweep 
speed, time base accuracy, digital 
storage and any other specifica- 
tions you may need to make the 
right decision by talking to your 





local HP field 
engineer. 


So give us a 
call. And 


discover how much more you 
really get from HP today. 


There is a better way. 


Gs 


HEWLETT 
PACKARD 


Australia (008) 033-821 ¢ France (1) 69-82-65-00 ¢ Germany (06172) 16-1634 ¢ Hong Kong (852) 848-7070 © India (11) 463-2379 ¢ Italy (02) 9212-2241 © Korea (2) 769-0800 ¢ Netherlands (020) 547-6669 
* PRC (1) 505-3888 ¢ Singapore 291-8554 ¢ Spain 900 123-123 * Sweden (08) 750-20-00 ¢ Switzerland (057) 31-21-11 ¢ Taiwan (2) 717-9524 ¢ United Kingdom (0344) 362867 


© 1993 Hewlett-Packard Co. TMPMO345/INTL 





TECHNOLOGY ADVANCES 


CLEANING SCHEME MAKES CONTAMINANTS GO 
AWAY For A WIDE RANGE OF MATERIALS 


novel cleaning pro- 
cess has been devel- 
oped to remove par- 


ticles and even finger- 
prints from silicon, gallium 
arsenide, aluminum, and 
many other materials. Em- 
ploying a non-reactive gas- 
phase system, the process 
is environmentally benign 
since it uses no water or re- 
active chemicals. Tests 
conducted thus far show 
the process removes sur- 


face organic films, inor- 


ganic films, and particles 
as large as 5 um toas small 
as molecules. The process 
was developed by Radi- 
ance Services Co., Bethes- 
da, Md. 

Cleanliness is one of the 
key factors driving up the 
cost of new semiconductor 
manufacturing facilities. 
With sub-micron feature 
sizes on advanced manu- 
facturing processes, parti- 
cles as small as 0.1 um 
could be damaging. For in- 
stance, Intel estimates 
that on its most advanced 
microprocessor technolo- 
gy, one “killer” particle 
drives the cost of its billion- 
dollar fabrication facility 
up by $8 million. If the 
number of such particles 





reaches 150 per wafer, the 
projected increase in facili- 
ty capital costs close to 
double the facility con- 
struction cost. Thus, the 
need arises for a low-cost, 
environmentally benign 
cleaning approach that re- 
moves all particles and con- 
taminants. 

The new process com- 
bines deep ultraviolet light 
available from a krypton- 
fluoride (KrF) excimer la- 
ser or a bulb and a flowing 
inert gas, a combination 
that keeps overhead costs 
low and is very easy to im- 
plement (see the figure). 
The deep ultraviolet pho- 
tons break the contami- 
nant-surface bonds and 
levitate the contaminant 
from the surface. The con- 
taminant is then entrained 
in a flowing inert gas such 
as nitrogen or argon, and 
the gas can be scrubbed 
and reprocessed for reuse, 
thus minimizing the waste 
produced by the system. 

Minimal surface dam- 
age also results from the 
cleansing technique—a mi- 
croroughening of less than 
1 A—and it can remove me- 
tallic ions as well as all the 
other materials men- 
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tioned. Furthermore, the 
company recently demon- 
strated the removal of par- 
ticles as large as 80 um. 

The scheme can also re- 
move contaminants that 
current wet-processing 
methods cannot remove. 
And it can do so without ex- 
pensive support such as de- 
ionization water plants, 
waste-treatment plants, 
and waste-disposal sites. 

The process can be 
adapted to either cluster or 
stand-alone tool configura- 
tions. In stand-alone con- 
figurations, it can clean 
about 400 wafers/day ata 
projected cost of less than 
$2 per wafer. In compari- 
son, wet cleaning costs 
about $7 per wafer. 

A cluster module for va- 
por-phase hydrogen-fluo- 


ride (HF) gas is in develop- 
ment. A potential limita- 
tion, though, is the require- 
ment for rigorous control 
of the HF vapor to prevent 
microroughening of the 
material surface. The mi- 
croroughening on a chip’s 
surface can cause device 
performance degradation 
and thus overall circuit 
degradation or failure. 

The new cleaning sys- 
tem can tackle large-scale 
contamination, such as 
that found in aerospace, 
medical, optical, and auto- 
motive industries. Al- 
though the company devel- 
oped the process, it does 
not sell cleaning systems 
but it does sell licensing ar- 
rangements that tie royal- 
ties into the added produc- 
tivity. 

For more information, 
contact Donna Fitzpatrick 
at (301) 654-0228. 

DAVE BURSKY 





CROSSPOINT-SWITCH Boosts 
MULTIPROCESSOR PERFORMANCE 


t’s well known that 
[onitinsocesso: Sys- 

tems can process more 
information than uni- 
processor systems. But 
having two processors 
doesn’t necessarily double 
the processing power of a 
uniprocessor system. 
That’s because there’s 
some overhead associated 
with the additional proces- 
sors, specifically in the 
communications between 
processors and memory, 
that limits the amount of 
information that can be 
passed between CPUs. As 
successive processors are 
added, performance gains 
become smaller and small- 
er, eventually reaching a 
point where adding anoth- 
er processor provides vir- 
tually no gain. 
Using a crosspoint 
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switch architecture, de- 
signers at Concurrent 
Computer Corp., Ocean- 
port, N.J., may havea solu- 
tion. They developed an ar- 
chitecture that can in- 
crease performance linear- 
ly, with a 95% boost with 
each added processor. The 
system is currently limited 
to four processors. The ar- 
chitecture will appear in 
the company’s Maxion 
multiprocessor system, 
which should debut in Jan- 
uary. 

The company calls its ar- 
chitecture UltraSmart, for 
scalable multiprocessor ar- 
chitecture for real time. It 
consists of three compo- 
nents: a crosspoint pro- 
cessing unit and memory 
module, a crosspoint I/O 
module, and an I/O-condi- 
tioning module. An auxilia- 


ry VME module is avail- 
able for expansion. 

One crosspoint process- 
ing unit is needed for each 
CPU in the system. The 
module contains the CPU 
(a 150-MHz MIPS RISC 
R4400), a 1-Mbyte write- 
back secondary cache, a 
cache-coherency directory 
for cache-memory man- 
agement and a memory 
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Crosspoint 


switch 


subsystem that supports 
16 to 128 Mbytes. 

The crosspoint switch, 
housed in an ASIC, serves 
as the key component in 
the architecture. It sup- 
ports multiple independent 
point-to-point connections 
between six independent 
ports. Each port can trans- 
fer 400 Mbytes/s, for a 
maximum system band- 


TINY SMT PACKAGE 
SHRINKS BUS-LOGIC DEVICES 


he miniaturization 
merry-go-round that 
eventually finds its 
way to all system compo- 
nents has once again 


stopped off at bus-inter- 


face circuitry. The quarter- 
size-outline package 
(QSOP), developed in 1990 
by Quality Semiconductor 
Inc. (QSI), Santa Clara, 
Calif., was touted at the 
time as the most space-effi- 
cient surface-mount pack- 
age ever for 20- and 24-pin 
FCT logic devices. Now the 
company has tightened the 
package’s pin pitch and 
metamorphosed it into a 
highly efficient vehicle for 
double- and triple-width 
logic functions. 

The QVSOP package of- 
fers an outline of just 150 
by 390 mils and a pin spac- 
ing of 15.7 mils (0.4 mm). 


This is identical to the lead 
spacing used on many 
high-pin-count plastic 
quad flat packs. For its 
part, the package outline is 
the same as that of stan- 
dard 14-pin SOICs (see the 
photo). But at a 15.7-mil 
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width of 1.2 Gbytes/s. 
Four ports are connected 
to the four independent 
CPUs (each configured 
with local memory); one 
port is connected to the I/O 
adapter; andthe remaining 
port can be connected to a 
VME adapter or reserved 
for future expansion. Note 
that the local memory of 
each CPU can be accessed 


lead pitch, the QVSOP car- 
ries 48 leads, which enables 
it to hold more than one 
byte-wide logic device and 
still have extra pins left 
over for multiple ground 
connections. 

According to Mike Da- 
vis, product marketing 
manager at QSI, the 
QVSOP’s development 





DES IGN 


by any of the other CPUs 
(see the figure). 

In the crosspoint archi- 
tecture, cache memory is 
managed using a cache-co- 
herency directory. The di- 
rectory is implemented asa 
7-bit tag-word with every 
32-bit cache line. One of the 
seven bits is reserved as 
the cache dirty bit and the 
remaining six bits corre- 
spond to the six switch 
ports. With each memory 
access, the tag word is ex- 
amined. If one of the six 
bits is set, a message is 
sent to the switch that in- 
validates the cache associ- 
ated with that particular 
port. This technique is simi- 
lar to traditional bus 
snooping, except that over- 
head only occurs when the 
cache bits change state. 

For more information, 
contact Concurrent Com- 
puter at (908) 870-4500. 

RICHARD NASS 


which leveraged the large 
existing test, handling, and 
assembly infrastructure 
surrounding the SOIC by 
retaining its 150-mil width. 
Similarly, the QVSOP 
maintains the body width 
of the QSOP and takes den- 
sity further by virtue of a 
shrinking pin pitch. 

The solution for double- 
and triple-width logic pre- 
sented by the QVSOP 
solves the potential dilem- 
ma of having to design and 
fabricate a 16-bit-wide log- 
ic device in silicon. There’s 
a tradeoff between the 
lower sort yields a larger 
die would bring and the 
higher integration it of- 
fers, and the QVSOP neat- 
ly sidesteps that issue. The 
only real benefit of the sili- 
con-integration approach, 
Davis says, is skew con- 
trol. But because the multi- 
ple die in a double- or triple- 
width QVSOP package 
come from the same wafer 
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lot, and the package’s lead- 
frame inductance is care- 
fully controlled, skew isn’t 
much of anissue anyway. 

Another advantage in 
the multiple-die-per-pack- 
age technique is that QSI 
can take any available logic 
device, including its 
QuickSwitch devices, and 
place them in the QVSOP 
in any combination. A reg- 
ister and a QuickSwitch 
combination could serve as 
a bypassable register 
block or function. 

The technique also en- 
ables QSI to incorporate 
series-termination resis- 
tors within the logic de- 
vices. Such resistors are 
typically placed in line with 
the data bus to reduce the 
slew rate and, therefore, 
reduce ground bounce, 
ringing, and reflection. 
Placing the devices on sili- 
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con within the logic-device 
package can often make a 
considerable difference in 
the circuit’s function in 
terms of noise. 

JEDEC approval was al- 
ready bestowed upon the 
QVSOP, making it a recog- 
nized industry standard 
for SMT logic packaging. 
As far as packaging direc- 
tions go for future genera- 
tions of 32- and 64-bit-wide 
logic, QSI plans to simply 
extend the QVSOP length- 
wise and add more pins at 
the same 0.4-mm pitch. 

“When you think about 
packaging for a 32-bit die, 
there’ll be 32 pins worth of 
input, 32 pins worth of out- 
put, and then power, 
ground, and control pins,” 
Davis muses. ‘‘You’re 
probably talking about a 
100-pin package.” Though 
today’s 100-pin packages 


are for the most part 
square plastic QF Ps, Davis 
believes space savings are 
diminished in going to a 
larger but square package 
because both the pack- 
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age’s total area would be 
greater than the QVSOP’s 
if it were simply made long- 
er to accommodate the ex- 
tra pins. 

DAVID MALINIAK 





HIGHLY INTEGRATED 
386-CLASS CPU LETS 
USERS FLEX INDIVIDUALITY 


he surging interest 
Ts late in intelligent 

portable digital sys- 
tems seems to center on 
the availability of high-per- 
formance, low-power, and 
highly integrated central 
processing units. 

For instance, specialized 
RISC (reduced-instruc- 
tion-set computer) proces- 
sors are starting to appear 
for personal digital assis- 


tants (PDAs). However, 
the broad industry experi- 
ence with the x86 instruc- 
tion set and architecture, 
as well as the availability 
of low-power 386 central 
processing units targeted 
at laptop computers, has 
fostered a demand for 
highly integrated 386-com- 
patible processors. 

When integrating fea- 
tures onto the processor, 
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most designers will find 
that no two applications re- 
quire the same exact fea- 
ture set. 

By basing its high-inte- 
gration CPU develop- 
ments around a standard- 
cell library and _ its 
Am886SXLV processor 
core, the designers at Ad- 
vanced Micro Devices Inc., 
Austin, Texas, were able to 
come up with a malleable, 
highly integrated, 386- 
compatible processor. 

The AMD processor can 
be “tuned” by the custom- 
er just by adding new func- 
tions or removing unwant- 
ed ones. 

Code-named ELAN, the 
386-compatible processor 
is formed from fully-static 
CMOS logic. The core CPU 
can operate at supply volt- 
ages down to 3.3 V, while 
the I/O pads run at either 
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3.3 0r 5 V. 

To minimize system 
power consumption and 
maximize operating time 
when running from batter- 
les, the designers of the 
CPU also included power- 
management logic on the 
processor chip. 

In addition to this devel- 
opment, a system-manage- 
ment mode (SMM) was also 
included to allow for back- 
ground execution of pow- 
er-management routines, 
or to make possible other 
housekeeping operations. 

The first version of the 
ELAN chip, released by 
Advanced Micro devices 
just last month, possesses 
a well-rounded set of fea- 
tures targeted at PDA- 
type applications. These 
features include a pair of 
PCMCIA 2.0 card slots; se- 
rial- and parallel-port inter- 


faces; interrupt, DMA, 
ISA-bus, and LCD panel 
controllers; counter-tim- 
ers; and areal-time clock. 

Those resources also 
suit the chip to other appli- 
cations, including medical 
or industrial instruments 
and specialized data-collec- 
tion devices. 

To make the ELAN chip 
flexible, the company’s de- 
signers created a flexible 
on-chip clock generator 
that is based upon a phase- 
locked loop. The clock gen- 
erator requires just an off- 
chip crystal. It also pro- 
vides all of the timing sig- 
nals for both on-chip and 
off-chip functions. More- 
over, itcan be programmed 
to run at many different 
rates. With five program- 
mable output pins, the 
power-management logic 
can control off-chip system 


functions for additional 
system flexibility. 

The flexible clock gener- 
ator, coupled with the pow- 
er-management logic, 
gives the designer five op- 
erating modes. Each mode 
provides progressively 
more power savings as the 
chip descends into its low- 
est power states. 

Unlike other 386-com- 
patible CPUs, the ELAN 
processor incorporates an 
LCD controller that can 
handle displays with reso- 
lutions of up to 640 by 400 
pixels. In addition, the lo- 
cal-bus interface on the 
processor allows the de- 
signer to tie in a video con- 
troller when an LCD panel 
isn’t sufficient. 

For more information, 
contact Gary Baum at (512) 
462-5459. 

DAVE BURSKY 
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NOT THE SAME. 
AND NOT JUST DIFFERENT. 
TEXL-90+ IS CLEARLY SUPERIOR. 











Precision Interconnect coaxes using TexL-90+ expanded 
PTFE insulating tape have been designed to deliver 
up to 93% Velocity of Propagation. 


First introduced as “TexL-88,” Precision Interconnect’s advancement in PTFE 
insulating tape has been renamed to reflect increased capability. TexL-90+ delivers 
93% VoP as well as allowing coaxes to have faster rise times, better signal shape and 


less loss. So you don’t have to limit your system performance by the coax. 


‘TexL-90+, with its closed cell structure, 
means a more durable coax, maintaini 


mechanical stability as well as electrical integrity. 





As veterans of interconnect systems facing the most challenging 


physical environments, we know how critical durability can be. Low capacitance (<15 pFifi), 802 
coaxes with 40 AWG high strength 


alloy center conductors are rib- 


Precision Interconnect assemblies used in medical applications 
withstand constant twisting, flexing, pulling, dropping, even bonized to facilitate termination to 

re > 015" (0.38mm) pitch flex circuit. 
sterilization. TexL-90+ ensures that your coax is rugged 


enough to withstand the stresses that begin in manufac- 





ture and continue through day-to-day high speed 
digital application. 


60 Q coax (32 AWG) with 93% 
Velocity of Propagation is automat- 


‘TexL-90+ iS our own product, giving us — ically terminated to coaxial contact. 
and our customers — complete control. 
And a competitive advantage. 


As pioneers in microminiature interconnect technology, we've developed many new 
materials, configurations and manufacturing techniques to meet the challenges of 
smaller and more precise electronic equipment. Not only do customers benefit from 
the advanced technology, they deal with fewer vendors, reducing lead times and 


driving down costs. 


TexL-90+ means superior cable. 
Add our custom connectors and termination techniques 
for a complete, optimized interconnect system. 


We're using conductors as small as 46 AWG, terminating at a density of over 1600 
contacts per square inch, and on flex circuits with center line spacing as small as 
0.010" (0.25mm). These advancements were 
driven by the requirements of some of the 


world’s most sophisticated electronic products, 





beginning as problems to be solved. 


PRECISION 
INTERCONNECT 


an AMP company 


Call or write for more information, including our technical bulletin on TexL-90+. 


Precision Interconnect, 16640 S.W. 72nd Avenue, Portland, OR 97224 (503) 620-9400 Fax (503) 620-7131 
Sales offices across the U.S. and in Europe and Japan. 
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TECHNOLOGY ANALYSIS 


MULTIMEDIA AND PCMCIA 
HIGHLIGHT FALL COMDEX 


DIGITAL AUDIO AND VIDEO LIVEN UP THE 
TRADE SHOW FLOOR, WHILE PCMCIA ADVANCES 
MAKE IT PORTABLE. 








RICHARD NASS 


pplications such as multimedia and video teleconferencing 
were only a twinkle in the eye of system designers as recent- 
ly as two years ago. Now, with the advances in digital audio, 
video, and DSP technologies, such applications are coming 
to fruition. In fact, they'll be lighting up the displays and en- 
_hancing the speakers at Fall Comdex, to be held in Las Ve- 
gas from Nov. 15- 19. Also on tap at the show are the latest PCMCIA efforts 
for the portable office. 

In digital-video applications, overlay and in-laid video devices are the two 
main approaches taken by designers. Overlay products, which are the more 
common of the two, use dual frame buffers and are traditionally designed for 
viewing video. In-laid designs suit video capturing and employ just one frame 
buffer. Although a move toward more in-laid solutions is progressing, main- 
ly due to economic reasons, in-laid techniques require greater integration of, 
video-scaling capabilities. 

A board developed by Orchid Technology, Fremont, Calif., which will de- 
but at Comdex, combines the benefits of both approaches. In addition to 
capturing and viewing video, it can scale images. For example, if a very small 
video window is captured, it can be played in a much larger window (at the 
same resolution) without any loss in quality. As a result, users are able to 
store larger video clips and not sacrifice any extra disk space. 

“The bulk of the technology today offers small grainy postage-stamp-size 
video windows. This low quality of current-generation products is turning 
some users off,” says Jon Siann, product manager for multimedia systems at 
Brooktree Corp., San Diego, Calif. “But, as we’ve seen with sound, when you 
deliver high quality, it becomes very attractive to users.”’ 


INTEGRATION IS KEY 


Brooktree sees integration as part of the OEMs’ performance hurdle that 
must be overcome. Says Siann, “The technology is there from multiple ven- 
dors, but it’s not packaged correctly. An OEM building a truly multimedia 
box needs to go to four or five different vendors to build the complete system. 
That bumps up the system costs, partly because these devices weren't de- 
signed to work together—they were designed in a vacuum. It also creates 
redundancy in components, causing the OEM to pay for more functionality 
than is needed. In addition, OEMs ask ‘how do you make all the chips work 
together, who will write the software, and what happens if there’s a compati- 
bility problem?’ Many PC OEMs don’t have the resources to handle these is- 
sues.” 

Brooktree will demonstrate its Hammerhead board at Comdex. The com- 
pany is calling it a complete turnkey design, meaning that everything an 
OEM needs to manufacture a board is at hand, including all of the hardware 
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and software. The board, 
built with a video-cache 
technology, supplies full- 
screen, high-quality video at 
30 frames/s using a soft- 
ware codec. The video cache 
employs a shared frame 
buffer for both video and 
graphics. 

Another issue confront- 
ing the digital video environ- 
ment is interface selection. 
Some of the interface stan- 
dards being proposed are 
the VESA Advanced Fea- 
ture Connector (VAFC); the 
VESA Media Channel (VM- 
Channel) (see “Looking be- 
yond the VAFC,” p. 115); 
the SFBI (shared frame- 
buffer interface) from Intel 
and ATI Technologies; and 
PCI, also developed by Intel. 

A silicon solution devised 
by AuraVision, Fremont, 
Calif., is suited for a host of 
video applications, includ- 
ing capture, display, edit- 
ing, conferencing, and mul- 
timedia. Its VxP500 video 
record and playback proces- 
sor employs cost-effective 
DRAM as a single, continu- 
ous-frame buffer, rather 
than a more expensive video 
RAM architecture. Using 
built-in compression algo- 
rithms, 30-frame/s video 
can be captured without any 
loss of quality. 

The VxP500 uses an internal cache 
memory to get around the band- 
width problem that typically hinders 
multimedia systems. This architec- 
ture helps to accelerate the video 
playback. Using acceleration, it’s 
easier to keep the audio and video 
synchronized during playback with- 
out dropping any motion video 
frames, even when utilizing a full 
screen. The chip, which is operating- 
system independent, supports 16.7 
million colors at 24 bits. 

AuraVision offers a developers kit 
that includes an evaluation board, 
schematics, device drivers, and de- 
buggers. In large quantities, a com- 
plete VxP500-based board, with 
memory, should cost about $100. 

Rambus Inc., Mountain View, 
Calif., came up with a DRAM archi- 
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1. SPEAKERS AND A MICROPHONE accompany 
the SoundWave 32 audio board devised by Orchid Technology. It 
employs an Analog Devices ADSP2115 DSP chip to combine 
multiple sound standards and play them simultaneously. The board 
comes with over 8 Mbits of on-board sound samples. 


tecture for displaying digital video 
because it can reduce the host sys- 
tem’s latency. The architecture can 
pass 500 Mbytes/s across a 9-bit- 
wide channel to remove the bottle- 
neck that exists between the host 
processor and the system’s main 
memory. The company’s 4-Mbit part, 
called RDRAM, built witha standard 
0.8-u4m CMOS process, operates at 
500 MHz. An 18-Mbit 0.5-m part is 
in the works. The current chips, man- 
ufactured for Rambus by Toshiba, 
offer a very low pin count (82 pins), 
while requiring less chips than a con- 
ventional DRAM solution. Because 
fewer parts are needed, the memory 
draws less power. This, combined 
with the lower parts count, makes 
the architecture suitable for porta- 
bles as well as desktops. 

Comdex isn’t solely a visual show, 
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though, as sound-board in- 
troductions will be plentiful. 
One example comes from 
Orchid Technology, which 
developed the SoundWave 
32 board, speaker, and mi- 
crophone package (Fig. 1). 
The board takes advantage 
of DSP technology to sup- 
port and combine a host of 
sound and multimedia stan- 
dards, including AdLib, 
MIDI, SoundBlaster, and 
Windows Sound System. 
This means that, for exam- 
ple, it can emulate the 16-bit 
audio of the Windows Sound 
System while simultaneous- 
ly supporting MIDI wave 
synthesis and SoundBlaster 
specifications. 


SOUNDING OFF 

The SoundWave 32 is 
based on an Analog Devices 
ADSP2115 DSP chip that’s 
capable of processing 20 
MIPS, more than ample 
horsepower to perform the 
wave-table and FM synthe- 
sis required to produce the 
sounds. The board comes 
with over 8 Mbits of on- 
board sound samples. Also, 
16-bit stereo audio and adap- 
tive-differential, pulse-code 
modulation (ADPCM) com- 
pression let users store the 
sounds directly on the host’s 
hard-disk drive without taking up 
lots of disk space. 

In addition to the wave-table and 
FM synthesis methods of creating 
sounds, there’s another technique 
that’s currently on the drawing 
board—waveguide synthesis. Wave- 
guide synthesis, developed by re- 
searchers at Stanford University, 
doesn’t sample an entire sound like 
wave-table synthesis. It actually de- 
fines a complex equation to repre- 
sent each sound. Then the sound can 
be altered by plugging different 
variables into the equation. Further- 
more, with wave-table synthesis, all 
of the acoustic waveforms must be 
stored in ROM, which can consume a 
fair amount of memory space. Con- 
versely, waveguide synthesis only 
stores a table of parameters for each 
equation. 
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System timing products you can count on. 


Are your system requirements outpacing 
available clock technology? 

Don’t put your high performance design at risk 
by using system timing products that stretch 
yesterday's technology to the breaking point. 
TriQuint can help by providing proven and afford- 
able clocking devices that give you stability and 


TriQuint System Timing Products for High Speed Processors design 
margin. 


GA1085/GA1086/GA1087/GA1088 GA1089 |TQ2060/TQ2061 Whether 


you need 

to generate high frequency clocks or youre designing 
clock distribution schemes, TriQuint has the safe 
solution for you. 
Highest frequency, lowest skew, broadest line. 

Available for applications from 25 MHz to 
600 MHz, TriQuint makes the highest frequency 
clock buffers available today. With skew as low as 150 
ps, our products deliver specifications unsurpassed in 
the industry. 

TriQuint supplies the industry’s broadest 
PLL-based system timing product line with seven 
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different devices being shipped in volume. Currently 
we are introducing three new products for PowerPC 
and Alpha processor based systems. 

Proud of the company we keep. 

Many of the biggest names in the business 
including Dell, Motorola, Digital Equipment, NEC, 
Olivetti and Unisys use our timing products. Like 
them, you can be secure selecting dependable and eco- 
nomical timing solutions from TriQuint. 

Product literature, free samples. 

Please phone: 408) 982-0900. Fax: 408) 
982-0222. E-mail: cust. serv @ tqs.com. Or write 
TriQuint Semiconductor Computing and Networking, 
2300 Owen Street, Santa Clara, 

CA 95054. 


Pentium, Alpha, and PowerPC are trademarks 
of Intel, Digital Equipment, and IBM, 
respectively. 


MQuint @. 
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thinking 
for the hottest net- 
working applications 
around. With names 
like Cisco, Cabletron 
and Wellfleet, our 
customer list reads 
like the who’ who of 
the networking indus- 
try. Why? Well, who 
else can do so much 
or your network? 
Take, for example, 






sAWEREDBy| OMr OORL OU family of embedded processors. 
MOTOROLA) Offering powerful integer performance at the 
lowest possible cost, it's the driving force in network routers 
and controllers. Prominent family members include the power- 
ful yet economical 68EC020 and the high-performance 68EC040. 
Then there’s the 68LC040, which adds memory management 
on top of the 68EC0405s dragster-like speed. 

When you need big processing power in a small space, per- 
mmm: haps you should take a look at our 68300 family of 
integrated microprocessors. The 68302 offers three 





data communications channels and the ability to 
handle multiple protocols, which makes it perfect for everything 
from packet networks to bridges and gateways. The 68340, with power manage- 
ment capabilities, plus serial channels and DMA, is an obvious solution for your 


Motorola and the ® are registered trademarks of Motorola, Inc. ©1993 Motorola, Inc. All rights reserved. All other company names appearing in this ad are trademarks or registered trademarks of their respective holders. 
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Sit back. Relax. And leave the driving 
to US. 

At AMD? we've developed PCnet’-ISA 
— a true one-chip Ethernet controller inches of board space. 
with driver support for Novell NetWare® PCnet-ISA not only saves you space, 
and NetWare Lite, Microsoft® LAN arcr TUNNER vy it also reduces your system cost, be- 
Manager, Microsoft Windows™ NT, IBM PC Magazine January 1993 cause it requires NO additional memory. 
LAN Server, Banyan Vines? SCO UNIX? and And PCnet-ISA‘s Bus Mastering design gives 
others as well. And of course, it’s completely you much higher performance because it trans- 
NE2100 compatible. fers data directly to host memory, instead of 


In fact, PCnet-ISA gives you the integrated detouring it through a local buffer. Which 


features you need to make your next PC 
Ethernet-ready. So you get a complete 
|OBASE-T design in less than five square 





For more information on PCnet-ISA contact your local AMD sales office or sales representative. International Sales Offices: Antwerpen (03) 248 43 00; Frankfurt area (06172) 9267-0; Hong Kong 86 54 525; London area (0483) 740 440; 











And Just About 
Everybody Can Drive It. 
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Windows NT. 


Operation System 


Microsoft. 


FL Windowsel or 


Microse 


Operiting System with integrated Nenworting 


Workgroups 


Gish 207-061-054 
S 1968-1042 Mieronah Cepariiicn. Al reserved 


~ NetWare. 
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means you get higher throughput with lower 
CPU utilization. 

Thanks to our innovative IC solutions for 
Ethernet and FDDI LANs, we've been a net- 
working leader for more than 15 years. Our 
cooperative partners include such industry 
leaders as DEC, HP and SynOptics. And our 
responsive engineering support is only a 
phone call away. 

So when you're ready to plug into network- 
ing with PCnet-ISA, just contact AMD. With 


& ASSES Mhcose® Conpceaticier Ad Sots rexerend 


Disk Any 296-074-023 


Network Operating System 
> > > > > bad 
ETHERNET 





AMD in the driver's seat you'll be on the road 
to success in no time. 


800-229- 


Ask for 
Literature 
Pack 16M. 








Advanced Micro Devices 


901 Thompson Place, P.O. Box 3453, Sunnyvale, CA 94088. © 1993 Advanced Micro Devices, Inc. 





AMD is a registered trademark and PCnet is a trademark of Advanced Micro Devices. All other brand 


or product names are trademarks or registered trademarks of their respective holders. 


Manchester area (0925) 830 380; Milano (02) 353 32 41; Miinchen (089) 45053-0; Osaka (06) 243 32 50; Paris (1) 49 75 10 10; Seoul (02) 784 0030; Singapore (65) 348 11 88; Stockholm (08) 98 61 80; Taipei (02) 715 35 36; Tokyo (03) 334 67 550. 
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advances make it portable. 


LAMINATED-FILM MCMS AIM FOR MASS MARKET. . . 57 


A high-performance, testable substrate technology makes multichip modules 
a viable commercial packaging option. 


IMPROVED DSP ICS EYE NEW HORIZONS .. . 69 


Enhanced DSP chip architectures make multimedia and HDTV subsystems 
practical by packing lots of punch in one chip. 


VIRTUAL DESIGN SPEEDS EMBEDDED SYSTEMS WORK... 85 


Designers don’t need simulators and emulators to develop embedded systems 
software without target hardware. 


CONNECT DISK ARRAYS TO EISA OR PCI BUSES... 182 
SCSI disk-array controller board handles RAID and can pass data at 
40 Mbytes/s. 
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CHIP SET DELIVERS FAST GRAPHICS, DIGITAL VIDEO .. . 155 


A graphics controller and accelerator gives PCs the look and feel of a 
workstation. 
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CMOS IC combines frequency synthesis, mixing, and filtering functions for 
accurate, low-cost down-conversion. 


MreLEcTRONIC DESTIEN 
NOVEMBER 11, 1993 


40 YEARS AGO IN 

ELECTRONIC DESIGN ...6 

1500-page Radiotron designer’s 
handbook; analog computing unit in- 
corporates 10 amplifiers 


EDITORIAL... 14 
Misconceptions about productivity 


TECHNOLOGY BRIEFING ... 18 
Bank on ATM for future networks 


TECHNOLOGY NEWSLETTER .. . 25 
e Task force studies CFC replace- 
ment processes 


@ Silicon ICs to cut noise pollution 

e Partnership targets IC-package 
inspection 

e Toolset optimizes PowerPC 6038 
processor 


e 3D display uses position sensing, 
fast graphics 


e Motorola, Unisys collaborate on 
MCMs 


e Platform to help OEMs with DSP- 
based products 


e Technology agreement will pro- 
duce PCI ICs 


TECHNOLOGY ADVANCES .. . 35 

e Cleaning scheme makes contami- 
nants go away for a wide range of 
materials 


e Crosspoint-switch boosts multipro- 
cessor performance 


e Tiny SMT package shrinks bus-log- 
ic devices 


e Highly integrated 386-class CPU 
lets users flex individuality 


Jesse H. Neal Editorial 
Achievement Awards: 
1967 First Place Award 
1968 First Place Award 
1972 Certificate of Merit 
1975 Two Certificates of Merit 
1976 Certificate of Merit 
1978 Certificate of Merit 
1980 Certificate of Merit 
1986 First Place Award 
1989 Certificate of Merit 
1992 Certificate of Merit 





ELECTRON I C 





IDEAS FOR DESIGN . . . 99 

e Simplify sync stretch circuit 

e Asynchronous Gray-code state 
machine 


e Current amplifier boosts OTA 
output 


PEASE PORRIDGE .. . 105 
What’s all this fuzzy logic stuff any- 
how (part ITI)? 


QUICK LOOK ...112A 
e Perspectives on Time to Market 


e What are the best-selling books in 
electronics and computer science? 


e Tales from a skunk works 
e Eye on ISO 9000 
e Windows NT step by step 


COMPUTER SYSTEMS SPECIAL SECTION 


PC Graphics Watch... 116 
System Design News... 117 
System Design Products... 118 


PIPS SPECIAL EDITORIAL SECTION 


Fine-pitch packages suit interface 
ICs ...125 

Packaging & Materials ... 130 
Power Sources. .. 144 
Interconnects... 147 

Passive Components. .. 148 
Switches & Relays... 150 


PRODUCTS NEWSLETTER .. . 160 


NEW PRODUCTS 
Digital ICs... 163 


CAE... 168 
INDEX OF ADVERTISERS . . . 172 
READER SERVICE CARD .. . 178 


NOVEMBER 11, 1993 


A() 


YEARS 


OF EDITORIAL 
EACELLENCE 


A Special Issue: 
The Future of Computing 








Future directions in: 
e Workstations 

e Storage peripherals 
e Microprocessors 


Designers Guides on: 
e Real-time software 
e Computer buses 
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of the future 
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1500-page Radiotron Designer’s Handbook (Advertisement) 

Inspired and edited by F. Langford-Smith for engineers, students, and 
experimenters, this new expanded reference—4 times bigger than any pre- 
vious Radiotron Designer’s Handbook—includes 1000 illustrations, more than 
2500 references, and 
hundreds of useful cir- 
cuit designs, curves, 
drawings, and charts. 
Here’s the technical 
book that treats cir- 
cuit design from the 
theoretical-mathema 
tical standpoint, as 
well as the practical 
viewpoint of the cir- 
cuit man. 

The 4th Edition of 
the Radiotron De- 
signer’s Handbookisa 
valuable addition to 
RCA’s vast library of 
technical literature 
(which includes RCA’s 
industry-famous Ap- 
plication Notes, Tube 
Handbook HB-3, Re- 
ceiving Tube Manual, © 
and many other well- rr enon Fou Be ars ts mention 
known publications. = = = = ###§« 
Price $7.00. Order 
through RCA Com- 
mercial Engineering, 
Sec. 72KR, 415 S. 
Fifth St., Harrison, 
N.J. (Electronic Design, November 1953, back cover) 

It’s not our usual policy to cover advertisements in this column, but we 
couldn't pass up the opportunity to recall this landmark book: 1500 pages of 
densely packed practical engineering design information. We suspect, however, 
that it didn't have the lifetime it deserved because of the industry’s subsequent 
shift to transistors.—Ed. 





1500-page Radiotron Designer's Handbook 
@xponds RCA's extensive technical service 
to electronic equipmant designers 





Other Industry-Famous 
RCA Technical Publications 













INSPIRED AND EDITED by F. Lang: practical viewpoint of the circuit man, 
ford-Smith for engineers, students, The 4th Edition of the Radiotron 
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reference—4 times bigger than any addition to RCA's vast library of 
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book—inchides 1000 illustrations, RCA's industry-famous Application 
moore than 2500 references, atid hun- Notes, Tube Handbook HB-3, Re- 
dreds of useful circuit designs, curves, ceiving Tube Manual, and many 
drawings, and charts. Here'sthetech- other well-known publications). Or- 
nical book that treats circuit design der through RCA Commercial Engi- 
from both the theoretical-mathe- neering, Sec. 72KR, 415 S. Fifth St., 
matical standpoint, as well as the = Harrison, N. J. 
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plete technical reference of its 
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Analog Computing Unit Incorporates 10 amplifiers 

The Model HK Operational Manifold Component comprises a set of 10 Model 
K2-W Operational Amplifiers plugged into a special chassis to form a basic 
Analog Computing facility. All common service connections are provided. An 
arrangement of computing connections is featured in which circuit elements and 
input and output leads are readily plugged in to form feed back circuitry. Positive 
and negative inputs to each amplifier, both at high impedance, are available. Of 
the four amplifier poles comprising plus input, minus input, output, and ground, 
the jacks for every pair are spaced on 3/4” centers for double banana plugs. 
Speeds of computation range from a repetitive or single-shot period of 0.001sec 
down to a solution time of many minutes. Power required is +3800v d-c at 50ma, 
and 115v a-c at 0.5 amp. George A. Philbrick Researches, Inc., 230 Congress St., 
Boston 10, Mass. (Electronic Design, November 1953, p. 24.) 

The decades of the ’50s and 60s were the heyday of analog computers, which 
offered a simple but elegant solution to a linear differential equation, and 
Philbrick was at the forefront. Regular readers may recall that our June 27, 
1991 cover showed the Philbrick K2 amplifier as a background to Apex 
Technology’s then new high-voltage op amp. —Ed. 
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To get the complete picture in digital media, 
turn to our complete family of solutions. 

We offer what you need to integrate digital 
media into your next system, including 
innovative ICs for the input, manipulation and 
output of digital video and audio signals. 


So now, for the first time, you can bring 


dazzling studio effects right into your customer’s 


desktop. 

Our experience in digital signal processing 
for real world video applications is unrivalled. 
And we offer all the features you’d expect from a 
company with Philips’ track record in digital 
video and audio. 


There’s a line-locked clock for frame-to-frame 


video stability. Standard 5-volt operation. Plus 


highly accurate Sigma Delta audio conversion 


between digital and analog audio. 


IN BETWEENS 


SAA7360 Audio A/D 


TDA1016 Mic Amp ALC 


TDA8708 Video A/D with 


Clamp and AGC 


7-Bit Digital Color 
Decoder 


SAA7151B 8-Bit Digital Color 
Decoder 


SAA7191B 8-Bit Digital Color 
Decoder 


SAA9051 


PCF5020 


TDA6330 


TDA8425 


TDA1315 


SAA7192A 


SAA7186 


Audio DSP 


Audio Control 


Audio Control 


Digital Audio 
Input Output 


Digital Color 
Space Converter 


Digital Video 
Scaler 


SAA7323 Audio D/A 


TDA1545 Continuous 


Calibration D/A 


TDA7052A 1W Power Amp 
w/ Volume Control 


2x 10W 
Power Amp 


Video Triple D/A 
with features 


SAA7199B Digital Video 
Color Encoder 


TDA1519 


SAA9065 


SAA7169 Video Triple 


9-Bit D/A 
TDA8702 Video 8-Bit D/A 


For more information, contact us today. 


You'll be dealing with a supplier who knows 


digital media inside, and out. 


Philips Semiconductors - Europe: Fax: +31 40 724825. Asia-Pacific: Fax: +886 (2) 500 5888. 
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Most efficient high-frequency 
dc/dc conversion. 


The Si9114 PWM controller and 
$i9420 LITTLE FOOT® MOSFET 
chip set delivers dc/dc conversion 
at up to 1MHz with very 
low power dissipation. 
the result is one of the 
industry’s most efficient 
switchmode solutions 
for telecom products. 





Save board space 
with fewer and 
smaller components. 


Both devices come 

in SO packages. And the high- 
frequency capability allows for 
smaller magnetics and filters to 
be used, eliminating the need 
for electrolytic capacitors. 


Members of TEMIC Semiconductors: Telefunken Semicond uctors, 


Siliconix, MATRA MHS, Dialog Semiconductor 
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eek 





More protection features 
mean higher reliability. 


The $i9114 has high-precision 
current limiting for improved 
performance. Soft-start circuitry 
to eliminate start-up overshoots 
and stresses. And frequency and 
phase synching to stop “beat 
noise.” 


Contact your local Siliconix/ 
TEMIC sales office or call our toll- 
free hot line at 1-800-554-5565, 
ext. 296. Ask for your Telecom 
Design Guide. 


Siliconix 


A Member of the TEMIC Group 





2201 Laurelwood Road, Santa Clara, CA 95054 
Fax: (408)970-3950, Attn 43-296 


Who made the great monoliths on Easter Island? 
Nobody knows. 
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Who makes the fastest LM Fast SRAM in the world? 


SAMSUNG 


It's been a major effort. But in a brief span of time, 
Samsung has made quite an ascent. 


In the significant SRAM area, Samsung is now among 


the leaders. 

And the first company worldwide to equal the top 

BiCMOS speed standard. Which gives you, for the 

first time, an alternate source for 1-meg SRAMs at 

a blazing 10ns. 

As a reliable, high-volume supplier, we're going to 

do a lot for your ability to design new products. 
KM684002 | 512Kx8 15/20/25 oe 


| Remarks 
KM6164002 | 256Kx16 20/25 


KM64v4002 | 1M x4 a ree 3.3V 
KM68V4002 | 512Kx8 20/25 SOu(R) 93,20 3.3V 
KM616V4002| 256K x 16 25 SOU(R) 93,30 3.3V 


KM64B1003 | 256K x 4 BiCMOS 
KM68B1002 | 128K x8 BiCMOS 
KM641003 | 256Kx4 
KM681002 | 128Kx8 
KM6161002 | 64Kx 16 


FAST SRAM FAMILY 
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KM644002 | 1M x4 15/20/25 nee 
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KM64V1003 | 256K x 4 SOU(R) 3.3V 
KM68V1002 SOU(R) 3.3V 
KM616V1002} 64Kx 16 = : 3.3V 





er ees eee 


(R): Revolutionary Pin Configuration 
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We'll follow the 10ns part with an even greater 
accomplishment — the world’s first 1-meg at 8ns. 
At Samsung, we're proud to be part of these 
advancements. And proud to extend the leadership 
we earned with the world's first 16-meg DRAM. 
What we've done in SRAMs has been widely 
noticed, and we've become a supplier of choice to 
many of the major systems companies. Now, you 
can choose Samsung as your partner. 


Low oasis SRAM FAMILY 


Dens | Part Name | Org. 
KMmes4000 | 512Kxe | 55/70/85/100 | DIPISOP/ 
75/85/100 | DIPISOP/ 


TSOP 
SOP/TSOP Pseudo 


DIP/SOP/ 
TSOP 
KM658128 128K x 8 80/100 DIP/SOP Pseudo 


KM684000-V | 512Kx8 


KM658512 512K x 8 80/100 


KM681000 128Kx8 | 70/85/100 


TECHNOLOGY 
THAT WORKS 
FOR LIFE 
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How to beat the squeeze — 
in today’s tight design environments. 


High-density design is a world unto itself 
—a world with tight corners, low ceilings, 
and shrinking floors. Living there on 
today’s budgets and schedules can be a lot 
easier with help from the experts. In 
interconnects, that’s us. 

Because every design is unique, we'll 
show you all the options. We can guide 
you through the good and bad of each — 
with an eye on system performance, 
manufacturability, and cost. 

We'll show you all the choices you have 
too, in socketing, I/O, and board-to-board 


AMP and AMPLIFLEX are trademarks 


Ci 


AMP fine-pitch solutions are available for designs requiring sub-0.050”, sub-2mm centers. Metristak board-to- 
board stacking connectors on Imm centers; LGA, MCR, and PQFP sockets; FPC connectors on Imm and 0.5mm 
centers; AMPLIFLEX elastomeric package- and board-to-board connectors for pitches as fine as 0.025”. 


nectors offer redundant contact on board 
pads 0.015” wide, on 0,025” centers, with 
non-critical alignment), We'll make sure the 


interconnects. With systems that range 
from the conventional (0.050” and 2mm 
centers) to the sublime (our “finest” con- 








‘just fine without a 
microprocessor. 


low-power applications. The newest member of the family, 
the 68360, is the worlds first full 32-bit, multiprotocol com- 
munications engine. Combining WAN, Ethernet LAN and 
system integration features, it's virtually a router on a chip. 
No matter which Motorola chip you decide on, they all 
have some very important things in common—the best 
development tools in the business, miles of reusable code, 
an application support team second to none, our renowned 
reliability and an absolute dedication to bringing you ever- 
higher performance 
















Motorola 68000. We're in control. 


and ever-lower costs. 
50 when you're looking for microprocessors for your 
networking erertion: there’ really only one company 





to connect with. 
Motorola. 

To make that 
connection, call 
1-800-845-MOTO. 
We will provide 
you with all the 
information you 
need on Motorola 
microprocessors 
and their place in 
your networking 
application. 
Motorola 68000 
32-bit microprocessors control the most innovative products in the world. 
shouldn't you be so well-connected? 





MOTOROLA 
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2. PORTABLE COMPUTERS can take advantage of 3.3- or 5-V devices using 
Vadem’s VG-365 PCMCIA controller. The chip, which supports up to eight slots with no 
external logic, maintains compatibility with PCMCIA Release 2.01, JEIDA 4.1, and the ExCA 
extensions. 


Wave-table synthesis is very 
straightforward and fairly easy to 
design with, hence its popularity. 
Waveguide synthesis, on the other 
hand, suffers because of the process- 
ing power that’s required to handle 
the complex equations. For example, 
to compute each sound, the equation 
must be calculated to process every 
point in the waveform. But, with pro- 
cessors increasing in computational 
power, it’s becoming less of an issue. 

In taking a closer look at wave- 
guide synthesis, it has the ability to 
set up a physical model of a sound 
and then alter it. The technique, 
called sound rendering, offers a fun- 
damentally new way of looking at 
sounds. It’s possible to create a pro- 
gram that could in turn create and 
play new and unthought of instru- 
ments, such as a guitar with a 4-ft. 
neck. This isn’t something anyone 
would likely build, but with wave- 
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guide synthesis, users can create 
that sound. Some instrument compa- 
nies, such as Yamaha, are investigat- 
ing whether it’s feasible to use wave- 
guide synthesis in keyboards. 
Though that type of product 
wouldn’t be as cost-effective as a 
mainstream consumer-level PC 
product, price issues aren’t as sensi- 
tive in that market. 

Media Vision Inc., Fremont, Calif., 
a leader in waveguide development, 
feels that it can implement the tech- 
nique and keep it at the consumer- 
pricing level. The company is pres- 
ently designing a custom ASIC that 
can perform the needed processing 
power (the target date for the chip is 
early next year). In addition to the 
custom DSP chip, the waveguide- 
based board requires a digital-to-an- 
alog converter to produce the analog 
sound, as well as some RAM. Media 
Vision’s board will also be able to 
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perform wave-table synthesis, be- 
cause they’re more suitable for par- 
ticular sounds, such as those created 
by percussion instruments. 

Although waveguide synthesis 
seems to be the technique of the fu- 
ture, several recent advances in 
wave-table synthesis indicate that 
it’s likely to be around for some time. 
Previously, simple wave-tables had 
one loop point to represent a sound. 
That point was repeated to sustain a 
note. Newer technologies employ a 
multi-segment wave table that con- 
tains separate attack, loop, and re- 
lease portions of the waveform. As a 
result, the accuracy of the overall 
sound is increased, because differ- 
ent portions of a note contain differ- 
ent sounds. For example, in a piano 
note, the first 100 ms carries the 
sound of a felt hammer striking a 
steel string. That’s the attack por- 
tion. Then, there’s a repeated sound, 
called the loop. Finally, the note 
fades out, causing the release. En- 
hancements in DSP chips are making 
it easier to implement the multi-seg- 
ment approach. Such chips can also 
handle cycle-acoustic effects, such 
as reverb and delay, which previous- 
ly were only found on professional- 
quality sound boards. 

Media Vision will be displaying its 
current audio product, called Mem- 
phis, at Comdex. Memphis is a self- 
contained multimedia upgrade com- 
ponent system that fits under or be- 
side a PC’s monitor. Two models are 
available, representing two differ- 
ent speaker types. The system inte- 
grates all of the external wiring into 
one cable. The other components in- 
clude a ProAudio Spectrum sound 
board and a double-speed NEC CD- 
ROM drive. 

Designs based on the EMU8000 ar- 
chitecture offer high-quality audio in 
a cost-effective, easy-to-install pack- 
age. The EMU8000, from E-mu Sys- 
tems, Scotts Valley, Calif., consists 
of three elements—an integrated au- 
dio digital-signal processor, a sound- 
file library, and control software. 
Boards built with this architecture 


can include a MIDI interface, user- | 


definable digitally-sampled sound li- 
braries, built-in digital effects and 
audio filtering, and 32-voice polypho- 
ny. Such applications that suit the 
EMU8000 architecture include kar- 
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What's the right way to conform to RS-232 standards in your 3.3-V designs? 





TTs SN75LV4735. A complete serial port on a single chip. 


From laptop to palmtop and beyond, 
Texas Instruments now brings you a 


single-chip serial port for 3.3-V systems. 


With full conformance to EIA-232, your 
battery-powered portable equipment 
will easily reach the next generation of 
compatible communication. 

This low-voltage device inte- 
grates three drivers, five receivers 
and a charge pump, handling a range 
of peripherals with a single chip. 

A single chip that fully conforms to 
EIA-232 voltage levels. 

Inherent in the ’"LV4735 are key 

benefits of TI’s LinBiCMOS™ tech- 


BAX T EL.N.DING YOUR REREACGH WETTER 70722 


SN75LV 4735: The Reasons Why 
Full EIA-232-D compliance 


Built-in latchup immunity 
Lowest standby current: 10 pA 
3 drivers/5 receivers; on-board 
charge pump 

6-kV ESD protection 

3.0- to 3.6-V operation 

28-pin SSOP packaging 





nology. You'll find 6 kV of ESD pro- 
tection, latchup immunity to 7 V 

on the logic inputs and the lowest 
available standby current, 10 1A. 





wi TEXAS 
INSTRUMENTS 


TI's flow-through architecture 
simplifies routing. It offers you a 
complete integrated solution in one 
28-pin shrink small-outline package 
(SSOP). A solution that delivers up 
to 60-percent reduction in board 
size compared with standard SO 
packaging. 

So if you're ready for a 3.3-V 
solution that will gear your design to 
longer battery life, just return the reply 
card. Or fax TI at 886-2-377-1460. 
We'll send you a data sheet to get you 
on your way to the next generation of 
battery-powered designs. 


INTEGRATION™ 


Australia & New Zealand: Sydney, 61-2-878 -9000, fax 61-2-805-1186; Melbourne, 61-3-696-1211, fax 61-3-4446; Elizabeth, 61-8-255 -2066, fax 61-8-255-2809. 
Hong Kong: 852-737-0338, fax 852-735-4954. Korea: 82-2-551-2800, fax 82-2-551-2828. Malaysia: 60-3-230-6001, fax 60-3-230-6605. 
People’s Republic of China: 86 -1-500-2255, ext. 3750, fax 86-1-500-2705. Philippines: 63-2-817-6031, fax 63-2-817-6096. 
Singapore (& India, Indonesia, Thailand): 65-350-8100, fax 65 -253-6655. Taiwan: 886 -2-713-9311, fax 886-2-716-9487. 


© 1993 TI 
™ Trademark of Texas Instruments Incorporated 
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The Worldis _. 
Beginning 10 See The Light 


Everlight. 
CxS 


Photo Interrupters = V, 


SMD Well established in Asia Full Color 


and Europe, Taiwan based 
ea Everlight’s state-of-the-art 
&, “LED lamps, displays and opto- 
MQ electronic products are gaining 
acceptance in North America. And for 
good reasons. Everlight’s uncompromis- 
ing quality and competitive pricing. In just 
10 years, Everlight has become a $30 million 
company with three high output factories, two 
branches and 750 employees. A full service branch 
in Upstate NY, now ensures that Everlight’s reputation 
for excellent service and timely delivery will continue. 
Just what IS the world coming to? The greater insight of 
Everlight. For your free catalog, call or write: 


EVERLIGHT 
Everlight Electronics Co., Ltd. 
Optoelectronics that are winning the world over 


34 Foley Drive Sodus, NY 14551-0061 1-800-253-3576 
FAX: 315-483-9480 TELEX: 200806 


Major products: Standard, super brightness and Special purpose LEDs « 7 segment and dot 
matrix displays ¢ Invisible optoelectronic components * LED arrays * Blue LEDs 
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RGB LED Lamps 
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aoke, MIDI-file music playback, mul- 


timedia, and games. The processor 
can handle envelope-generator func- 
tions for real-time varying pitch, fil- 
ter, and amplitude modification of 
each channel. 


PCMCIA Lets It Go 


PCMCIA systems, drives, and per- 
ipherals are sure to garner a fair 
share of attention at Comdex. De- 
signers of PCMCIA-based systems 
can implement either 3.3- or 5-V 
parts using the VG-365 controller de- 
signed by Vadem Inc., San Jose, 
Calif. The part is compatible with the 
PCMCIA Release 2.01 and JEIDA 
4.1 specifications, and complies with 
the ExCA extensions for inter- 
changeability. Two sockets are sup- 
ported, but the device can be cascad- 
ed to handle up to eight sockets with- 
out any external logic. Using exter- 
nal decoder logic, unlimited 
cascading is possible. The part can 
handle I/O and memory cards, in- 
cluding rotating and solid-state 
hard-disk drives. 

The VG-365’s bus controller sup- 
ports the system-bus timing of stan- 
dard ISA and EISA architectures, in- 
cluding those based on an Intel 
386SL microprocessor (Fig. 2). A pro- 
grammable configuration mecha- 
nism lets designers control the card 
setup either in software or firm- 
ware. The chip is housed in a 160-lead 
quad flat pack. 

Portable-system users are never 
out of touch using the AccessCard, a 
PCMCIA-based one-way message 
receiver from Wireless Access Inc., 
San Jose, Calif. The card, with its 
built-in antenna, acts like a pager 
and works with popular messaging 
services, including all 900-MHz carri- 
ers. The card, which fits a Type 2 
form factor, is initially compatible 
with Hewlett-Packard’s HP100LX 
and Casio’s Z-7000 handheld comput- 
ers. The AccessCard is based on a 
DSP architecture that turns parts of 
the card on and off to help extend the 
life of the PCMCIA card’s internal 
battery. 


How VALUABLE? CIRCLE 
HIGHLY 5Al 


MODERATELY 542 
SLIGHTLY 543 
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Because you're 
thinking fast... 





. You can stop — 
searching for the missing pieces 
i vioennewee Jn data conversion. 


verters combine high speed with 
wide dynamic range. So they 
















mesh with today’s demanding 
communications, imaging and = =a 
instrumentation tasks. tiplexers that 


For example, our new 
CLC937, with its 25.6MSPS rate, 
is a natural for video and chan- 
nelized receivers. And the new 
CLC938, at 30MSPS, can 
handle digital down convert- 
ing directly for big savings 
in IF designs. Choose the 
CLC935 when you need 
the very best SFDR. Or 
the CLC936 when you’re 
looking for a great 
speed/dynamic- 
range tradeoff. 
Even with all this 
performance, prices 
are surprisingly low. 

More than likely, 
you'll need other 
high-performance 
pieces to complete 
the picture. So we 
supply fast settling, 
low-distortion op amps, 
fast multiplexers, plus 
outstanding track and 
holds too. 

Call today for details. After 
all, there’s no reason to search 
high and low when Comlinear 
has all the pieces. 









































) in nothing flat 


iC Srolaaliiat=rol 
Geojjereeijen 


Solutions with speed 


4800 Wheaton Drive 


Fort Collins, CO 80525 For more information, contact Comlinear Europe Ltd., 
(303) 226-0500 15 Mercia Business Village, Westwood Business Park, Coventry CV4 8HX, England. 
1-800-776-0500 (USA) Phone 44 203 422958, Fax 44 203 422961 


© 1993 Comlinear Corporation 
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nce again, Fujitsu has taken the 
complex and made it simple. 
With SPARClite™. Delivering the 
power of SPARC® — and the perfor- 





mance of Fujitsu — it’s a complete, 
32-bit embedded RISC solution. 


The element of speed. 
SPARClite’s compact, high-speed 
core and on-chip integration provide 
the flexibility needed to accommodate 
a wide range of applications. Like 

imaging, communications and 


computer peripherals. From low 








cost to high performance, 
.. SPARClite gives you the 
choices you need. At 20, 30 


now and more to come. 


and 40 MHz. With four processors 


The element of SPARC. 

What’s more, our solutions are fully 
SPARC compatible. Giving your 
designs a roadmap through SPARC, 
and providing the flexibility of 
SPARC’s open architecture. All of thi: 
gives you support from multiple 
vendors, portability and access to 
innovations from an industry 
committed to SPARC. 


The element of time. 

Targeted at the needs of specific 
market segments, SPARClite chips are 
supported by the essential software 
and hardware tools you need — from 
the world’s leading tool vendors. We" 
brought together industry-leading 
compilers, in-circuit emulators, real-tin 


SPARCLITE UNIFIES 





perating systems and floating-point stability, experience and innovation. 
oraries. Along with evaluation Call us today at 1-800-642-7616 
oards, demonstration designs and for more information. From embedded 
Utstanding technical support. Which controllers for a low-cost entry point 
elps you get your embedded designs into the world of SPARC to a universe 
f the ground more quickly —and your __ of industry-leading, high-performance 
roducts to market faster. processors, Fujitsu puts the elements 
he element of experience. of creation in your hands. 

Speed, SPARC, time and experience — 

S a unique combination of elements. 

yitsu’s well-known quality and relia- 


lity. U.S.-based engineering and 








stems-level design expertise. And Delivering the Creative Advantage. 
ate-of-the-art high-volume manufac- 

‘ ) : : FUJITSU MICROELECTRONICS, INC. 3545 N. First Street, San Jose CA 
ring. It's a combination that works. 95134-1804. Ph: 408-922-9000. Fax: 408-954-0616, FUJITSU MICROELECTRONICS 
4 ASIA PTE. LTD. (Singapore) Ph: 65-336-1600 Fax: 65-336-1609. FUJITSU LIMITED 
-CAUSE after More than 2) years of (Japan) Ph: 81-3-3216-3211 Fax: 81-3-3216-9771. FUJITSU MIKROELEKTRONIK 

‘ ; GmbH (Germany) Ph: 06103-6900 Fax: 06103-690122. SPARClite is a trademark 
mmitment to semiconductors, 


of SPARC International, Inc., licensed exclusively to Fujitsu Microelectronics, Inc. 
SPARC is a registered trademark of SPARC International, Inc. 
© 1993 Fujitsu Microelectronics, Inc. 
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rtable 


A CONFERENCE FOR OEM DESIGNERS OF PORTABLE, HAND 
HELD, NOMADIC, MOBILE AND TRANSPORTABLE PRODUCTS. 





PORTABLE DESIGN Is A SPECIAL DISCIPLINE 


As a manager or designer of portable products your design criteria are more critical 
than those of your contemporaries designing stationary products. 


You must design to more rigid standards in weight, size, EMC, ergonomics, power 


consumption, functionality, ruggedness, durability, connectivity, plus a myriad of other 
criteria. 


WE'VE BEEN LISTENING TO YOUR NEEDS 
The editors of ELECTRONIC DESIGN have organized a conference and series of workshops 
devoted to solving your design problems exclusively: Portable by Design. 


HIGHLY EXPERIENCED "TECHNICAL ADVISORY COMMITTEE 


We have recruited 17 key design and project managers from successful manufactur- 
ers of portable products to identify the topics that need to be addressed in our confer- 
ence and to set the standards for the technical papers to be presented. 


70+ TECHNICAL PRESENTATIONS WILL COVER: 


Maicroprocessors/Controllers Batteries Input Devices 
Operating Systems Connectivity Thermal Management 
Real-Time Software Displays Ergonomics 

Power Circuits/Management Storage/Peripherals Packaging 








Portable 
Design 


February 14-18 
/ 6. ae , one @=— Santa Clara Convention Center 
na ey : a) wees § Santa Clara, CA 
ond wees For az brochure use the 
reader service number below 
or call (201) 393-6075 
FAX(201) 393-6073 


* An ELECTRONIC DESIGN Production 


WORKSHOPS: 
Accelerated Design, Ergonomics, EMC 





SITTING 
ON A TAX 
WRITE-OFF? 


Turn your excess 
inventory into a 
tax break and help 
send needy kids 
to college. 


Call for your free guide 
to learn how donating 
your slow moving 
inventory can mean a 
generous tax write off 
for your company. 


Call (708) 690-0010 





P. O. Box 3021 
Glen Ellyn, IL 60138 
FAX (708) 690-0565 


Excess inventory today 
....Student opportunity 
tomorrow 





VISIBLY 
SUPERIOR 


LCD MODULES. 
See Quality Without Question. 


You can also choose from the largest selection of LCD modules 
in the industry. Just look over these formats and options: 
JAPACTER VV AVAILABLE OPTIONS 
m E/L, LED & CCFL back- 
lighting 
= Extended Temperature 
oe sn, ™B/WSIN, Color SIN, 
664x128 Normal STN, TN fluid 
oo — s Top view or Bottom view 


With more than 15 years of experience in LCD manufacturing, 
we can deliver competetively priced, high quality LCD modules 
with very short lead times. 

Ask us for our catalog or specific product details. You will get 
visibly superior displays that put a smile on your face. 


250 Santa Ana Court, Sunnyvale, CA 94086 
Tel: (408) 736-3191 # Fax: (408) 749-0477 
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Microelectronics, Bigger Is Better. 


When you're wrestling to find space for a hybrid on 
a packed board, you want the smallest, lightest product 
you can find. 

But when you're looking for small, lightweight 

qk hybrids in large quantities, 

you need the capabilities of 
a big, powerful company. 
A company that can handle 


y 


1 ’ 
production and testing of hybrid microelectronics, Fg 
includes more than 130,000 square feet devoted to fully 
automated manufacturing, with more than 75% better 
than Class 100,000. 
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We use high-precision robotic assembly, automated 
100% wire bond pull testing, automatic parametric test- 
ing, and automatic vision systems for 100% inspection. 
As a result, we can handle high-volume production of 
hybrids that meets virtually any system requirements. 
We could even double our hybrid production, without 
sacrificing quality or reliability. 

When it comes to hybrids themselves, small is beau- 
tiful. But when your're selecting a company you can rely 
on to serpy you with those miniature hybrids and still 
maintain high-reliability at high-volume, bigger is defi- 
nitely better. 

To learn more about our high-reliability hybrids, call or 
write for technical support and applications assistance. 
Raytheon Company, Quincy Operations Division, 

465 Centre Street, Quincy, MA 02169. (617) 984-4104. 
FAX: (617) 984-4199. 


Raytheon 


WE THRIVE ON CHALLENGES 
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COVER FEATURE 


A HIGH-PERFORMANCE, TESTABLE SUBSTRATE 
TECHNOLOGY MAKES MULTICHIP MODULES A VIABLE 
COMMERCIAL PACKAGING OPTION. 


LAMINATED-FILM MCMS 
AIM FOR MASS MARKET 


DAVID MALINIAK 


Ithough many system de- 
signers see multichip mod- 
ules (MCMs) as the ticket to 
pushing today’s ultra-fast 
ei ICs to their theoretical per- 
formance limits, most shy away from the 
technology for a number of reasons. Chief 
among those is the fact that unlike other tech- 
nologies initially developed for high-end com- 
puters and military systems, the MCM re- 
mains prohibitively expensive for designers 
of commercial systems. 

In addition, each of the existing MCM-sub- 
strate technologies—deposited thin-film sub- 
strates (MCM-D), ceramics (MCM-C), and 
laminates (MCM-L)—comes with cost and 
performance trade-offs that make choosing a 
substrate a frustrating process. If a given 
substrate isn’t too costly for a particular ap- 
plication, then its performance isn’t up to the 
silicon’s signal-propagation demands. If the 
cost is in line with the budget, then the sub- 
strate can’t support the routing density the 
circuit requires. 

In trying to find a middle ground, Packard- 
Hughes Interconnect, Irvine, Calif., came up 
with a laminated-film (MCM-LF) substrate 
technology. This alternative method ap- 
proaches the speed and density potential of 
the high-end options, MCM-C and MCM-D, 
while keeping costs closer to the MCM-L end 
of the scale (F7g. 1). 

The laminated-film technique offers nu- 
merous advantages that can streamline the 
process of MCM implementation while finally 
making it a viable option for commercial us- 
ers. Against the high-performance MCM-D 
and MCM-C technologies, the MCM-LF tech- 
nology compares most favorably in terms of 
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er-cost MCM-L technology, it shines in terms 
of performance. 

MCM-D substrates are fabricated on IC- 
manufacturing equipment by depositing al- 
ternating layers of metal and polyimide di- 
electric. These are applied to a silicon-wafer 
base, which brings with it all of the attendant 
yield problems associated with IC manufac- 
turing. When spinning on the liquid polyi- 
mides, which can cost as much as $400/gram, 
a large percentage of the material is wasted 
DES 164 NE 
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in the process. The whole procedure 
must be carried out in clean rooms, 
which further drives up the cost. 
Moreover, the sequential, additive 
nature of the process means that the 
substrate can’t be fully tested from 
an electrical standpoint until it’s 
completed. 

Ceramic substrates are also addi- 
tive and sequentially processed, so 
the same testing difficulties apply. 
The materials, such as green tape, 
are expensive, as is the gold metalli- 
zation that’s typically applied to the 
successive layers. Substrate shrink- 
age during sintering sometimes 
causes problems as well. In addition, 
the capital equipment required to 
create ceramic substrates is costly, 
much like the IC equipment used in 
MCM-D processing. 


ASSEMBLY ASSETS 

The MCM-LF approach addresses 
these deficiencies from various 
fronts. MCM-LF substrates consist 
of layers of a modified polyimide 
film. The layers are processed indi- 
vidually and then laminated togeth- 
er in a final step. This offers the ad- 
vantage of being able to electrically 
test each layer before committing 
them to final assembly. Further- 
more, the materials and capital 
equipment required for MCM-LF 
fabrication are typically far less 
costly than for either MCM-D or 
MCM-C technologies. 

The modified polyimide film has a 
dielectric constant of 3.4 and can be 
laminated at half the temperature 
required by earlier polyimides. This 
results in a substrate with less 
stress. In addition, the film is only 
about 18 wm thick, which allows heat 
to be dissipated through the base 
substrate without using thermal 
wells (except in the most extreme 
cases of the largest ICs). 

One measure of an MCM sub- 
strate’s worth is the efficiency of sig- 
nal routing in the Z axis. In a typical 
pe board, through-hole vias take up 
huge areas and waste valuable rout- 
ing area on inner layers. With 
MCMs, short optimized signal paths 
are a must. The density of staggered 
blind and buried vias that each tech- 
nology makes possible helps to 
achieve such paths. The diameter of 
the vias and the relative ease or diffi- 
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MCM-LF SUBSTRATE 


culty associated with their creation 
is the main determinant in the mod- 
ule’s density and, ultimately, its cost. 

For those seeking to implement an 
MCM while keeping costs down, the 
clearest option is MCM-L technolo- 
gy. However, the overriding defi- 
ciency of MCM-L substrates is their 
via sizes. According to Christopher 
Schreiber, senior development engi- 
neer at Packard-Hughes, conven- 
tionally drilled vias run about 12 mils 
in diameter in MCM-L. Although 
smaller vias are possible, they be- 
come expensive to produce at about 
the 8-mil-diameter range. 

In contrast, the modified polyi- 
mide films used in MCM-LF sub- 
strates permit laser drilling of vias 
of less than 5 mils (F72g. 2). In MCM- 
LF technology, vias can be created 
with the company’s Gold Dot electro- 
deposited raised bumps. Where 
raised bumps are used, a metal-laden 
epoxide provides the signal path be- 
tween layers. 

If they wish to throw cost to the 
wind, MCM-L users can achieve via 
diameters of 3 mils by turning to la- 
sers or computerized numerical-con- 


to the MCM-L end of the scale. 
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1. LAMINATED-FILM (MCM-LF) substrate technology approaches the speed 
and density potential of the high-end options, MCM-C and MCM-D, while keeping costs closer 


trol (CNC) micropunches. But that 
won't fix the other performance 
drawbacks inherent to MCM-L tech- 
nology. The coefficient of thermal 
expansion (CTE) mismatch between 
the silicon die and substrate, the 
glass-transition temperature (T,) of 
materials, and bondability of the 
gold metallization, are all major ar- 
eas of concern. 


Cost COMPARISON 

The various cost and performance 
trade-offs among MCM-LF and 
MCM-L, MCM-C, and MCM-D are 
best illustrated by a test case. Ac- 
cording to Schreiber, in cost terms, 
MCM-L leads the pack at about $1 
per square inch per conductive layer. 
MCM-LF and MCM-C follow at about 
$3/in.?/conductive layer, and MCM- 
D trails at about $15/in.?/conductive 
layer. The true measure of cost, how- 
ever, is in routing efficiency, in 
which via sizes and line widths play 
the largest roles. 

Working from the test case of a 
relatively complex DSP circuit, 
Packard-Hughes’s engineers first 
attempted routing the circuit in 
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One size doesn’t fit all 
In sumulation tools, as in anything 


else, there comes a time when a once- 


useful contributor just can't cut it anymore. 

Issues like mixed digital and analog 
signals migrating from board to chip level 
are forcing general-purpose simulators 
into extinction. They just haven't been 
able to adapt. And “‘kludging” together 
different simulators from different vendors 
has been, at best, unrewarding. 

That’s why Viewlogic offers you 
the only real survival path. We give you 
the tools you need to simulate at the 
component and the system level in the | 
same environment. You match the best 
simulation tool to each task, and get 
instant access to all the information gen- 
erated across all the tools. 

An environment that’s open to change 

How can we do this? With 
Viewlogic’s SimBus"™ — the first stmula- 
tion backplane that lets you simultane- 


ously integrate a nearly infinite variety of 


All trademarks and registered trademarks are the property of their respective owners. 
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simulation tools — yours, ours, or third- 
party — into one design environment. 
With SimBus you get a unified simula- 
tion environment that: 
¢ Allows you to select the best simulator 
for each specific design task; 
¢ Enables you to combine all your 
simulation capabilities into one com- 
prehensive system solution which you 
can then run concurrently as one 
“super simulator.” This co-simulation 
technology lets you attack the prob- 
lem from as many angles as you like 
at the same time; 
¢ Brings together all the models you 
need for fast, accurate system simulation, 
including Verilog HDL, HSPICE, 
Zycad, VantageSpreadsheet, VHDL, 
LMC, and others. 
The benefits are clear 

Best of all, SimBus lets you simulate 
at any point in the design process, using 
the methodology you deem most 


appropriate. 


TAB eee 





It also protects your investment in 
simulators, models, training and — 
most important — your design data. It 
can even provide you with a smooth 
migration path from Verilog HDL to 
VHDL without jeopardizing your 
Verilog investment. 

If your tools are facing extinction, 
Viewlogic can help you evolve a whole 


new world of possibilities. Call today. 


To find out about 
our complete simulation 


solutions and more, 
call 1-800-873-8439 today 
or fax us at (508) 480-0882. 


VIEWlogic 
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SIEMENS 





If you want to be that decisive bit 
better in automotive electronics, 


you need a steady partner - one 
who moves and can get things 

moving. A partner who has a firm 
grip on the latest semiconductor 





technologies and — from sensor ICs 
and small-signal semiconductors 


ma 
through microcontrollers to intelli- 
gent power semiconductors and 
multiplex systems — can come up 
| with a range of chips that leaves 


nothing out when you are looking 
for advanced systems engineering. 





The best address for Siemens Semiconductors: 





CA) Wien EW Ziirich ©) 30880 Hannover ©) 70174 Stuttgart C) Madrid Oldbury 
Tel. (0222) 71711-5661 Tel. (01) 495-3111 Tel. (0511) 877-0 Tel. (0711) 20 76-0 Tel. (01) 5554062 Tel. (0344) 396062 
Bruxelles ©) 40219 Dusseldorf ) 90439 Nurnberg Ballerup CF Paris Amaroussio/Athen 


Tel. (02) 536-2111 Tel. (0211) 399-0 Tel. (0911) 654-0 Tel. (44) 774477 Tel. (1) 4922-3810 Tel. (01) 6864-111 





A partner for whom cooperation 
without ifs and buts is just as 
important as flawless product 
quality and absolute regularity of 
supply. One who Is so flexible and 
mobile from the design phase 
onwards that his customers — car 
makers and their suppliers — arrive 
at application-optimized solutions 
speedily and surely. Of course 
using a wide range of design aids, 















16-bit microcontroller 
SAB 80C166 masters 
even the toughest 
realtime demands. 
The system-optimized 
solution: The SIECO 51 
microcontroller with 

its modular concept 
and high-performance 
8-bit CPU. 


like software simulation models for 
system checkout, before the first 
prototype of a chip is committed 
to silicon. 

What better than to stake in Global 
PartnerChip. In the semiconductor 
producer and European market 
leader with whom your targets 
for the 90s are in the right hands 
anywhere in the world. 

Get in touch with your nearest 
Siemens office or write 





Bese teers S53 — wa 
Siemens AG, Infoservice HL 9104, 
POB 2348, D-90713 Furth. 
Milan Oslo 5 Alfragid Helsinki =—_. 4 
Tel. (02) 6766-42 41 . Tel (02) 633000 a Tel. (01) 418 33:11 #5) Tal. (9) 051051 =~ == Toplech 
Dublin Den Haag stanbu oa cae Be 
Tol. (05) 68.47.27 Tel. (070) 3333333 “© eet 7033500 a ve 510900 =F = Semiconductors. 
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MCM-D technology, which was ac- 
complished in five layers. Extrapo- 
lating from the cost figure of $15/ 
layer, that means thata 1-in.? module 
would cost roughly $70. In MCM-LF 
technology, the same module was 
routed in nine layers for a cost of 
about $30. In MCM-L technology, the 
module was routed in 17 layers. . 
According to Schreiber, although 
the MCM-L version would cost less 
than $20, it’s extremely unlikely that 
an MCM-L module with so many lay- 
ers could be made to function on the 
first attempt, if at all. For its part, 
implementing the same module in 
MCM-C, which also requires 17 lay- 
ers, would be likely to produce a 
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MCM-LF SUBSTRATE 


2. VERY SMALL-DIAMETER VIAS are possible with the MCM-LF technology. 


This 200X micrograph shows an electrodeposited inner-layer via with a diameter of 0.0015 in. 
The via was defined using an excimer laser. 


functional substrate but at a rela- 
tively high cost of about $50. 

The end result for MCM-LF, in this 
test case, is a routing density that 
falls between that of the two high- 
end technologies but at a cost that’s 
lower than both. On the other hand, 
the low-cost MCM-L technology 
probably wouldn’t be up to the task, 
So its cost becomes a non-issue. 

Besides its cost-performance bal- 
ance, MCM-LF technology offers 
other significant packaging advan- 
tages when compared with the alter- 
natives. In high-end electronics 
packages using die stacks, Packard- 
Hughes demonstrated the ability to 
Share one decoupling capacitor 
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Packard-Hughes will provide at-speed testing with 80-ps edge speeds and a lifespan of over 
350,000 touchdowns. The probe's soft contact with die pads generates less particulates and, 


therefore, requires less frequent cleaning. 


MIELECTRONIC 


placed directly behind the stack. Be- 
ing able to place decoupling capaci- 
tors on the opposite side of the MCM 
delivers several distinct advantages 
that other technologies cannot. The 
most important is that it reduces line 
length, inductance, and ground 
bounce. It also provides a balanced 
construction that places the capaci- 
tor equidistant between power and 
ground. Even if one were able to 
place decoupling capacitors adjacent 
to the die on a single-sided MCM, 
there would be no assurance of their 
optimal placement relative to the 
power and ground lines. 

Yet another advantage is gained 
by virtue of the technology’s addi- 
tive processing. By forming the cir- 
cuit traces on each layer in this man- 
ner, superior control over conductor 
geometries is possible. This, in turn, 
enhances control of lead reactance, 
crosstalk, and pulse-shape charac- 
teristics. While subtractive methods 
of circuit formation (etching) yield 
conductors with a trapezoidal cross 
section, the additive method pro- 
vides truly rectangular conductors. 
The ability to exactly control the con- 
ductor geometry facilitates con- 
trolled-impedance transmission 
lines, which minimizes signal reflec- 
tions and ringing. 


INFRASTRUCTURE ISSUES 

In addition to the MCM-LF tech- 
nology itself, Packard-Hughes is en- 
gaged in other development projects 
that address the wider infrastruc- 
ture concerns held by many would- 


be MCM implementers. Anyone 


who’s tried to design and build an 
MCM knows that producing a func- 
tional substrate is only half the task. 
Acquiring bare die, testing them, 
and populating the substrate is be- 
yond the scope of all but the most 
vertically integrated companies. 
Because successful MCM produc- 
tion depends on having good die, sev- 
eral methods are currently used to 
make bare die testable. Among the 
most common is inner-lead bonding 
(ILB) to a tape-automated-bonding 
(TAB) leadframe. Unfortunately, 
ILB calls for the plating of bumps on 
the undiced wafers. The availability 
of bumped die as well as the risks as- 
sociated with bumping functional 
wafers often outweighs the advan- 


DES IGN 








The E 





Raytheon has teamed with 
another industry leader, Motorola, 
o bring Open Architecture, 
iCM-based SEM E modules to you. 


his venture further expands our unique capabilities ... 
producing a full range of modules... Formats A, B, D 
nd now E, with its enhanced processing capacities 
sere) ateli(cialellare}rcleye)|(erctle late ame laleoigciorstacielarclerey 
and-based and avionics systems. | 
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tages of this method. 

Hughes Research Laboratories, 
Malibu, Calif., came up with a meth- 
od for verifying die integrity, which 
is being shaped into a commercial 
product at Packard-Hughes. The 
Packard-Hughes membrane probe is 
currently qualified at several major 
IC manufacturers’ facilities. Besides 
providing ‘‘at speed” testing of ICs 
on a 0.004-in. pitch, this technology 
doesn’t plow into the pad as do tung- 





RHE 


inherent in other interconnection methods. The Gold Dot-based 
connectors represent a convenient means of removing and 


: 4. TH 
replacing modules in the field. 


GJE LECT RO 


TECHNOLOGY created by 
Packard-Hughes can provide an interface capable of the 
densities required by MCMs without the signal degradation 


sten needle probes. The result is a 
minimum of particulate generation 
and subsequent cleaning (Fig. 2). 

The ability to perform at-speed 
testing is made possible by a bumped 
membrane constructed in a micro- 
strip configuration. Recent tests 
have demonstrated an 80-ps device 
edge speed: Moreover, alignment of 
the bumps to the IC pads remains 
consistent throughout the probe’s 
350,000-touchdown life, which elimi- 
nates the need to 
tweak, clean, and 
align sensitive and 
delicate needles. 

A second develop- 
ment area addressed 
by Packard-Hughes 
is that of the inter- 
connection between 
the MCM and the 
motherboard. As 
MCMs gain function- 
ality, more I/Os are 
required, and Pack 
ard-Hughes’ Schrei- 
ber believes that 
all MCMs now be- 
ing designed ex- 
ceed today’s stan- 
dard pin-and-socket 
interconnection den- 
sities of 20 pins/lin- 
ear inch (0.050-in. 
pitch). In addition to 
the density problem, 
the operating fre- 
quencies of those 
MCMs is generally 
50 MHz and higher. 
At such frequencies, 
a poorly designed in- 
terconnect between 
the MCM and its 
motherboard can se- 
riously degrade per- 
formance and intro- 
duce noise. 

The company’s 
Gold Dot technology 
offers an interface 
capable of the re- 
quired densities 
without the signal 
degradation inher- 
ent in other intercon- 
nection methods. 
Also, the Gold-Dot- 
based connectors 


represent a conve- 
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nient means of removing and replac- 
ing modules in the field. This func- 
tion simplifies maintenance and re- 
pair of systems using MCMs, and fa- 
cilitates potential design upgrades. 

A typical MCM assembly consists 
of the stiffener, multilayer back- 
plane, Gold Dot connector, populat- 
ed MCM, and heat sink (F7g. 4). Here, 
too, significant cost savings can be 
realized with respect to conventional 
approaches. For example, a ceramic 
package that can provide a hermetic 
interconnect for a 2-by-4-in. sub- 
strate costs $750 (about $0.70 per I/ 
O). The Gold Dot approach offers a 
dematable solution for about $0.30 
per I/O. 

Although the ceramic package 
provides hermeticity, the populated 
substrate must be glued into the 
package and all I/Os must be wire- 
bonded between the substrate and 
the package. Then, the package 
must be electrically tested before its 
lid is welded on. After testing and lid 
attachment, the package is soldered 
to its backplane. 

If a die in such a hermetic package 
fails in the field, the backplane must 
be removed, the package unsol- 
dered, and the substrate removed 
from within. This is an extremely del- 
icate procedure. In most cases, the 
package itself is sacrificed by being 
sawed apart so that a blade can be 
used to gently pry the substrate 
from the package. In Schreiber’s 
Opinion, the advantages in terms of 
ease of assembly offered by the Gold 
Dot approach outweigh even the cost 
advantages that it offers compared 
with the ceramic-package ap- 
proach. 


PRICE AND AVAILABILITY 


Pricing for multichip modules imple- 
mented in MCM-LF technology is expected 
to be in the range of $3/in.*/conductive 
layer in volume. Nonrecurring-engineer- 
ing charges are estimated to be from 25% to 
33% of those imposed by competing MCM 
technologies. The process will be ready for 
production by the beginning of 1994. 
Packard-Hughes Interconnect, 17150 
Von Karman Ave., P.O. Box 19685, Irvine, 
CA 92713-9685; Chris Schreiber, (800) 821- 
2998. CIRCLE 512 
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personal computers and RISC technology 
as OEM products. What's more, when you 
buy from IBM, you and 





; IBM OEM 
your customers profit from 
Takes one to know one. Everything in our decades of investment in research, 
the 1993 IBM OEM product catalog is technology and manufacturing. In short, 


a technological masterpiece. A quick youre getting the best. 
canvass of these pages reveals hundreds 
of IBM-quality 
products from 
memory 
chips to 
mainframes— 
at extraordinarily 
competitive prices. 
Better still, you'll find many prod- 
ucts only available from IBM, such as 
the P/370 card that empowers a desktop 


shes 


workstation with mainframe capabili- 


ties and the 16/44Mbps ‘Token-Ring Call for your free copy of the IBM 
daughter card. OEM product catalog, 1 800 486-0974. 


Think of it. Now you can order [BM We'll have you smiling in no time. 


2GB disk drives, Optical Link Cards, When you think OEM, think IBM. 
2 | ® 


Come see the array of IBM OEM products and services at COMDEX/Fall °93. 
November 15-19, Booth L830, Las Vegas Convention Center. 











IBM is a registered trademark of International Business Machines Corporation. 


© 1993 IBM Corp. 
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“Colon cancer is a disease that afflicts more than 
150,000 Americans each year and eventually kills over half. 
Yet, any doctor will tell you that with early detection, the survival 
rate could be raised to as much as 90%. 
Can advertising have the power to make people confront 
this disease, overcome their fear and actually consult their 
doctors about it? 


46 You bet your life it can. 
f you aou bt Take the case of the Advertising 


Council's campaign against colon 


h e powe r cancer. The first-ever study of public 

service advertising that actually iso- 
of adve rti S ng lated the impact of advertising from 
S U gee st other market elements ike the news, 


editorials and public relations. 


yo U CO Nn S U It Research was conducted from 


99 July 1989 to July 1990 in 4 markets 

a doctor. in 10,000 households, at the equiva- 
lent of $21.3 million worth of air 
time, the average amount of donat- 
ed time behind Advertising Council 
Spots. 
| After six months of being 
exposed to one commercial, aware- 
= ness of colon cancer among adults 

AO and over rose from 11% to 29%. 

After a year, awareness 
reached 40%. 

The number of men who con- 
sulted their doctors more than dou- 
bled to 15%. 

Now, if advertising can get peo- 
ple to see their doctors about some- 
thing as unpalatable as colon can- 
Herb Baum, Pres., Campbell North & South America and Chm. of the Advertising Council. CQ, don't you think it can get people 

to consider your product? 
Oh, there’s one more thing. If you’re over 40, ask your 
doctor about colon cancer.’ 

















American Association of Advertising Agencies 


If you would like to learn more about the power of advertising, please write to Department D, AAAA, 666 Third Avenue, New York, New York 
10017, enclosing a check for five dollars. You will receive our booklet /t Works! How Investment Spending In Advertising Pays Off. Please allow 4 
to 6 weeks for delivery. 

This advertisement was prepared by Calet, Hirsch & Ferrell, Inc., New York, New York: Photo: Fred Weber. 





“The remarkable thing is, when you think 
about McDonald's you've got to think about 
people. A friendly crew person welcoming 
you. Kids, moms and dads having a good 
time at McDonald's, even a funny clown 
named Ronald: Those pictures in your mind 

are advertising at work. 


“Without advertising, oe tsig |s 


everybody would think | isiontnas 
Ronal WaS just the name people to our customers 
of aformer president. — 0 come inand visit. 

) . , : Personal, friendly, and 
ee - | | above all, real. 

I'm told there are 
business people out 
there who don't believe 
in the power of advertis- 
ing. For them, two facts: 
oad wet First, McDonald's Is one 

: | of the most advertised 
brands on this planet. 
Second, McDonald's is 
“a 7 oa the only company listed 

| Ae = in the current Standard 

| Meee = and Poor's 500 to report 
combined increases in 
revenues, income, and earnings per share for 
more than 100 consecutive quarters since 1965. 

Frankly, Ronald and | like to think there's 
a connection here: 






Mike Quinlan, Chairman, CEO McDonald's (left) : 
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If you would like to learn more about the power of advertising, please write to Department D, AAAA, 666 Third Avenue, New York, New York 10017, enclosing a check for five 
dollars. You will receive our booklet /t Works! How Investment Spending in Advertising Pays Off. Please allow 4 to 6 weeks for delivery. This advertisement prepared by Leo Burnett Co., Inc. 


Running out of tricks 
go faster? 


to make the 8051 





Since its introduction a short time after the dark ages, 
the 8051 hasn’t really improved. Until now. The 
DS80C320 High-Speed Micro runs up to three times 
faster than other 8051s using the same crystal. 


At its top speed of 25MHz, the DS80C320 performs an 
instruction cycle in 160 ns. And you can look for higher 
speeds from Dallas soon. 


Long-Awaited Improvements 
But speed isn’t the only improvement we’ ve made. For 


Fewer Clocks for Greater POnorneny 
We redesigned and updated the architec- |[ 
ture using four clocks per instruction 
instead of the usual 12. You needn't be a 
math whiz to figure out that when the 
Same instruction takes 1/3 the clocks, soft- 


ware can do more in less time. The DS80C320 outperforms 


other 8051s even when they use 


Drop In For Speed 

The DS80C320 is a drop-in replacement 
for 80C31- or 80C32-based designs. So 
you can plug it into your system 


higher clock speeds. A 
DS80C320 running up to 25 
MHz can do almost twice as 
much work as a standard 8051 


ing at 42 MHz. 
with no redesign and get an instant “CMING GNSS . 


performance improvement, regardless 
of the speed at which your system runs. 
With an adjustable speed interface to 
RAM and peripherals, the DS80C320 is 
easy to adapt to existing hardware. 





DALLAS 


SEMICONDUCTOR 


4401 South Beltwood Parkway e¢ Dallas, Texas 75244 »s 
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example, we’ve added a Dual Data 


Pointer. A second, full-function UART 


that is completely independent from the 
original. Six external interrupts instead 
of the usual two. A power monitor that 
provides early-warning interrupt and 
power-fail reset. Even a programmable 
watchdog timer. 


The DS80C320 offers all these features, 
with no external components, in the stan- 
dard pinout. It's still fully 8051 instruc- 
tion set-compatible and offers the famil- 
iar 256 bytes of RAM and three 16-bit 
timers. 


To see what the 8051 for the 90s can 
do for your design, give us a call. 


214-450-0448 ¢ Fax: 214-450-3715 
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ADVANCED DSP CHIPS 
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HORIZONS 


igital - signal - processing 
(DSP) technology has invad- 
ed nearly every aspect of de- 
sign across a wide spectrum 
of applications. From creat- 
ing multimedia graphics and 
audio subsystems to data-ac- 
quisition systems and con- 
sumer goods such as games 
and automotive controls, DSP tech- 
nology has become indispensable. 
The extensive array of general-pur- 
pose and dedicated DSP chips now 
available satisfies simple as well as 
increasingly complex applications. 
And many more are on their way to 
help mitigate the increasingly tough- 
er processing requirements of new 
applications. 

Commodity DSP chips that resem- 
ble microprocessors now include 16- 
and 24-bit integer processors, as well 
as 32-bit floating-point processors 
that can deliver throughputs rang- 
ing from about 1 MIPS to over 50 
MIPS and 120 MFLOPS. At the 
board level, multiple DSP chips on a 
card, such as arrays of TMS820C40s 
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ENHANCED DSP 
CHIP 
ARCHITECTURES 
MAKE 
MULTIMEDIA 
AND HDTV 
SUBSYSTEMS 
PRACTICAL 

BY PACKING 
LOTS OF PUNCH 
IN ONE CHIP. 


from Texas Instruments Ince., or 
even some high-throughput RISC 
processors (like the i860s from Intel 
Corp., interconnected with crossbar 
switches), are used in tandem as an 
array processor. 

The arrays of multiple DSP or 
high-throughput RISC chips are typ- 
ically used for graphics image ma- 
nipulation, ray tracing, and other 
high-speed applications containing 
large blocks of data for processing. 
Companies are also investigating the 
use of neural-network and fuzzy-log- 
ic approaches to implement applica- 
tions previously handled by DSP ICs 
(see “DSP ICs, parallelism, and 
neural networks, ’’ p. 78). 

Dedicated-function chips, such as 
finite-impulse-response (FIR) fil- 
ters, fast-Fourier-transform (FFT) 
processors, and JPEG and MPEG 
circuits for multimedia systems, 
aren’t usually rated in MIPS, but 
rather in millions or billions of opera- 
tions per second (MOPS or GOPS). 
By counting the number of multipli- 
cations, additions, and other opera- 
tions, designers can get a pretty 
good estimate of performance be- 
cause the chip’s more highly dedicat- 
ed architectures typically implement 
a hardwired function. Similarly, the 
latest parallel-processing DSP chips 
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are also categorized in terms of 
GOPS, with some chips delivering 
between 2 and 8 GOPS to tackle real- 
time video or image processing. 

DSP functions now also serve as 
library cores around which design- 
ers can build application-specific pro- 
cessors. This is done by using sup- 
port cells and resources aimed at spe- 
cific market applications. Adding ap- 
plication-specific peripherals and 
memory to the core also allows engi- 
neers to create custom DSP solu- 
tions. Moreover, both the DSP silicon 
manufacturers and third-party soft- 
ware companies are adding support- 
ing software design tools and real- 
time operating systems to ease the 
development of new applications. 

Portable applications are also get- 
ting much attention these days: DSP 
chips are being designed into many 
battery-powered systems, and that 
means the ctips must operate from 
low voltages and draw as little cur- 
rent as possible. To do that, many 
companies are adding power-conser- 
vation features to the chips, every- 
thing from power-down modes on 
CPUs to the ability to operate at low 
supply voltages. The operating volt- 
age levels range from about 2.5 to 3.3 
V. As a result, operating power lev- 
els of a half a watt and more have 
been cut to less than 30 mW during 
the standby mode, and even lower 
when the DSP IC is put inuto deep 
power-down modes. 


MANY APPLICATIONS 


Single DSP chips that can execute 
several million operations per second 
are now handling such functions as 
servo control. They’re also handling 
1200-bit/s, 2400-bit/s, and higher- 
speed modem communications. Mi- 
croprocessor-like integer DSP chips, 
such as the TMS320 series pioneered 
by Texas Instruments, and similar 
chips offered by Analog Devices, 
AT&T Microelectronics, Motorola 
Semiconductor, National Semicon- 
ductor, NEC, and others, provide 
easy-to-program solutions. Their 
throughputs, though, limit their ap- 
plication range to system signals 
that have frequencies of up to sever- 
al hundred kilohertz. 

Forward Concepts, Tempe, Ariz., 
did a comparison of some key perfor- 
mance numbers of four floating- 
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1. OPTIMIZED FOR AUDIO AND MULTIMEDIA applications is the 


ZR38000 family of DSP chips developed by Zoran. Unlike some high-end general-purpose 


integer chips that use 24-bit data paths, Zoran’s ICs employ 20-bit data paths for higher- 
quality audio than available with 16-bit versions, while keeping the cost lower than the 24-bit 
units. A specially designed computational block was optimized for fast-Fourier-transform 
processing, executing a 1024-point complex integer FFT in just 880 ys. 


point processors (three DSP chips 
and one general-purpose RISC pro- 
cessor). Results showed significant 
computational differences among 
the processors, even though out- 
wardly most of the chips are some- 
what similar (see the table). 

The performance span of today’s 
integer DSP chips ranges roughly 
from about 1 MIPS to over 30 MIPS, 
with the higher throughput chips of- 
fering designers the ability to multi- 
task their operations. With multi- 
tasking, one chip typically can re- 
place several by time-sharing it 
among several operations. For in- 
stance, the same chip that executes 
fax or data-modem algorithms can 
also perform speech processing or 
other operations. 

Some of the newer integer DSP 
ICs like the Mwave TMS820500 de- 
veloped jointly by IBM and Texas In- 
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struments and the NS32C16X family 
from National Semiconductor prom- 
ise higher performance. Although 
these chips still can’t handle real- 
time video, they can perform multi- 
ple functions that appear to be oper- 
ating concurrently. 

For example, the Mwave chip was 
recently applied to a multifunction 
card by Spectrum Signal Processing 
Inc., Burnaby, British Columbia, 
Canada. The AT-bus half-size card 
combines peripherals such as fax 
and data modems, a full-function 
digital telephone-answering ma- 
chine, and 16-bit multimedia sound, 
all implemented by the Mwave chip 
running a real-time multitasking op- 
erating system. 

The modem can send or receive 
data while sound files are playing 
(ELECTRONIC DESIGN, Sept. 16, p. 
131). National Semiconductor’s 
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AD810 


Industry standard video op amp 

e Low power (6.8 mA) ¢ Fast disable 
feature ¢ 80 MHz BW e 0.02% dG, 
(0).04° dO © $2.08 


AD812 


Dual ¢ Transimpedance ¢ 100 MHz 
BW ¢ Low power ee 6 mA/amp ) 
e ().02% 1G. 0).02° d@ © $1.27/amp 


AD818 


Triple ¢ Transimpedance ¢ 100 MHz 
BW ¢ Fast disable feature (< 80 ns) 
e ().02% dG, 0.03° d@ ¢ Low power 
(4.7 mA/amp) © $1.24/amp 


ADSI? 


Low cost @ Unlimited capacitive load 
drive ¢ 50 MHz BW ® Low power 
(7 mA) © 0.04% dG, 0.08° d@ © $1.52 


AD818 


Low cost ¢ Great video specs 
e 130 MHz BW e 0.005% dG, 0.045° 
d@ ¢ Low power (7 mA) © $1.69 


AD826 


Dual AD817 ¢ Very low cost ¢ 50 MHz 
BW @ Low power (6.6 mA/amp ) 
e ().07% dG, 0.11° d@ ¢ $1. O5/amp 


AD828 


Dual AD818 ¢ Lowest cost video op 
amp @ 180 MHz BW e Low power 
(7 mA/amp) © 0.01% dG, 0.05° d@ 
e $1.05/amp 


ADEL2020 


Improved replacement for EL2020 

e Faster (90 MHz BW) ¢ Lower power 
(6.8 mA) © Better dG (0.02%) and 
d@ (0.04°) ¢ $1.99 


OP-467 


Quad ¢ High speed (28 MHz BW) 

e Precision (200 uV Vos) ¢ Low power 
(2 mA/amp) ¢ Drives capacitive loads 
e $1.43/amp 


LOSE TEN 
POUNDS. 


Our family of video op amps will have you looking 
good for around two dollars. 


As a video design engineer you have an image to 


maintain. And when it comes to high performance video 





op amps, no one can do more for that image than Analog 


Devices. With differential gain and phase better than 


Ten Ways Lo 
Improve 
Your Image. 


0.01%/0.01° 0.1-db gain flatness to 40 MHz, and power-saving 
disable features, we make single, dual, triple and quad 
video op amps tailored for your specific application needs. 
So for nine sure-fire ways to improve your image, call your 
local distributor or Analog Devices at 1-800-ANALOG-D 
(262-5643) for your free selection kit and high performance 


amplifier brochure. As for the 


ANALOG 
DEVICES 


tenth one, you're on your own. 


Authorized North American Distributors: Alliance Electronics 505-292-8360 © Allied Electronics 800-483-5700 © Bell Industries 310-826-2355 
Future Electronics 514-694-7710 (Canada) 508-779-3000 (USA) © Hamilton/Hall-Mark Electronics 214-343-5000 ¢ Newark Electronics 800-367-3573 
Pioneer-Standard Electronics 800-874-6633 © Pioneer Technologies Group 800-227-1693 ¢ WYLE Laboratories 800-866-9953 ¢ Zentronics 416-507-2600 (Canada) 
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TyIn2000 card doesn’t have the mul- 
titasking capability, but offers a sim- 
ilar array of capabilities by simply 
reprogramming the DSP chip for 
each application. 

To tackle large vertical markets 
such as studio-quality digital audio, 
DSP ICs can be custom-crafted with 
the optimal set of on-chip resources. 
The just-released ZR38000 family 
created by Zoran Corp., for example, 
was designed to tackle multichannel 
Dolby audio for AC-3 quality com- 
pression and decompression as well 
as speech processing, MPEG-1, and 
music synthesis. To handle those ap- 
plications yet keep chip area to a 
minimum, the ZR88000’s architec- 
ture was optimized to perform 4-cy- 
cle radix-2 FFT butterfly operations 
and execute 25 million instructions/s 
(Fig. 1). 

A full bidirectional barrel shifter, 
zero-overhead nested looping, sin- 
gle-cycle ALU/multiplier/shifter 
operations, and a unified 1-Mword 
data/program address space allow 
the processor to decode six-channel 
digital surround sound. On-chip re- 
sources include 8 kwords of 32-bit- 
wide program/coefficient memory, 
and 2 kwords of 20-bit-wide static- 
RAM data storage. 

The ZR88001, a variant of the 
ZR38000, will be offered with pro- 
gram RAM instead of ROM. Other 
variants include application-specific 
versions with predefined ROM code 
for six-channel Dolby Audio AC-8 de- 
coding (the ZR38500), two-channel 
AC-3 decoding (the ZR38501), and 
two-channel MPEG audio decoding 
(the ZR38511). 

With 32-bit-wide instructions, 20- 
bit-wide data, and a 20-by-20-bit mul- 
tiplier, the ZR388000 can execute 
FFTs faster than any other device, 
save for dedicated FFT and high-end 
floating-point processor chips. For 
instance, a 1024-point complex FFT 
requires just 0.88 ms—about one 
third the time required by chips such 
as the Motorola DSP56002 and the TI 
TMS320C51. Thus, a single ZR38000 
does the processing work previously 
done by five DSP chips operating in 
parallel. 

The 20-bit data path gives the chip 
a level of precision that’s located 
right in the middle between typical 
16-bit and high-end 24-bit integer 
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chips. At $42 each (in 1000-unit quan- 
tities), the chip produces higher qual- 
ity audio than 16-bit solutions but 
does so at a lower cost than 24-bit 
DSP ICs. 


PARALLEL ROUTE 


If one processor on a chip can doa 
credible job of handling audio, then 
multiple processors should be even 
more proficient. That’s the logic Star 
Semiconductor Corp. used to develop 
its Sproc family of 24-bit parallel pro- 
cessors. The first implementation, 
the Sproc-1400, features a multipro- 
cessor architecture optimized for 
real-time performance that can han- 
dle 250-kHz real-time signal band- 
widths when clocked at a frequency 


General sign 
processor 0 


Break 
control 


Parallel 
port 0 


Trigger 
bus 
control 


Serial input 
port 0 


Data-flow 
manager 


of 50 MHz. 

At the heart of the chip lies a 
shared central memory unit (CMU) 
surrounded by four independent 
general signal processors (GSPs). 
The shared memory consists of 1024 
words (24 bits wide) of RAM for data 
storage, anda similar-sized RAM for 
code storage (Fig. 2). 

On some variants of the processor, 
the program and data RAMs are re- 
duced to 512 words each. In addition, 
512 words of ROM are substituted 
for each block once the program is 
defined. 

To keep the multiple processors 
busy, four serial ports and a 24-bit 
(8/16/24-bit selectable) parallel port 
are integrated in the silicon. They let 


General signal | 
processor 2 | 


General signal 
processor 1 


Access 
port 0 


Serial output 
port 0 


Serial output 
port 1 





2. A MULTIPLE-BLOCK CENTRAL MEMORY consisting of four 512- 


blocks of RAM is used by the two or four general-signal-processor cores and the serial and 
parallel ports on the Sproc-1200 or 1400 chips from Star Semiconductor. Each clock cycle is 
actually time-sliced into five subcycles, and the Sproc chip executes one instruction each 
subcycle—one for each of the four GSPs and one for an I/0 operation (Sproc-1400). 
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data flow into and out of the on-chip 
memory, as well as tie into additional 
DSP chips or other support circuits. 
A small boot ROM (512 words by 24 
bits) lets the Sproc run without re- 
quiring a host processor to download 
instructions. Furthermore, design- 
ers can directly view signals on the 
chip at various points in the process- 
ing flow using a novel on-chip signal 
probe for diagnostics. 


WIDE DYNAMIC RANGE 

The 24-bit word width gives the 
chip a dynamic range of 144 dB— 
wide enough to handle over 95% of all 
signal-processing applications. In an 
example using just three of the four 
GSP blocks, an application that in- 
volves detecting 48 channels of dual- 
tone multifrequency (DTMF) tele- 
phone-tone signaling can be done 
with one Sproc-1400. The same chip 
could also decode 24 channels as well 
as use the first harmonics for voice 
discrimination. For slightly lower 
performance applications, the com- 
pany just released a dual-GSP ver- 
sion of the chip—the Sproc-1200. 

The Sproc-1400’s central memory 
architecture allows concurrent sig- 
nal processing by allocating each 
processor a time-slice of a five-cycle 
period (the fifth period is used for I/ 
O operations). Each serial port on the 
chip can be configured for 8-, 12-, 16-, 
or 24-bit word lengths and has an I/O 
bandwidth of 715 ksamples/s. The 
parallel port has a bandwidth of 9 
Mbytes/s and can be configured for 


Program 
sequencer 


Two independent 2-Mbit 
banks, dual ported 


Processor 
nort I/0 port 


Address Data Data Addres 


register 
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3. PACKING the largest SRAM of any DSP chip, the just-released ADSP-21060 from 
Analog Devices employs what the company calls a Super Harvard architecture. The 
processor core has separate program and data address generators and dual data paths, one 


for instructions and one for data. This allows for simultaneous data and instruction fetches. 
At 40 MHz, the processor delivers a peak throughput of 40 MIPS and 120 MFLOPS. 


8-, 16-, or 24-bit transfers. By using a 
time-slicing scheme, the on-chip pro- 
cessors interact predictably, permit- 
ting tasks to be allocated across 
many processors. Furthermore, be- 
cause task scheduling is simplified, it 
can accommodate many asynchro- 
nous signal streams. 

As seen in the Zoran integer pro- 


cessor, the FFT is a key aspect of 
many multimedia audio applications, 
as well as a number of other differ- 
ent applications. The function is so 
popular, in fact, that several compa- 
nies have created dedicated chips 
that act solely as very fast FFT en- 
gines. One such chip, the LH9124L, 
and its companion address genera- 
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Goodbye electronic cottage. Say 
hello to a communications world in which 
users will roam free like nomads, yet 
remain as interconnected as if they were 
still hard-wired to their desks. 

Silicon Systems is the one mixed- 
signal integrated circuits (MSICs°) 
company now involved in all facets of this 
smaller, yet highly evolved, state of 
portable communications: WAN digital 
transmission, LANs, modems and 
wireless communications. 

Partnering with farsighted design 
engineers like you, we're developing low- 
power, high-performance and small- 


footprint communications ICs for 
motherboard, daughterboard, and 
PCMCIA card integration. For wide area 
network digital transmission. For wire line 
and wireless modems with data/fax 
capability. For portable LANs. And for 
high-frequency wireless applications as 
well as a wide range of other portable 
systems. 

In this small world your next big idea 
becomes all the more achievable when 
you take advantage of our custom MSICs 
product expertise. Our design centers in 
North America and Asia. And our 
comprehensive CMOS, Bipolar and 
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BiCMOS fab process capabilities. Join us. 
Call us for our Communications Tool Kit 
Brochure, and if you'd like, we'll tell you 
how to contact your nearest 

Silicon Systems representative. 
1-800-624-8999, ext, 151. 


Silicon Systems, Inc. 
Communications/Industrial Products Division 


14351 Myford Road, Tustin, CA 92680 
Ph (714) 573-6000 Fax (714) 573-6906 
European Hdq. U.K. Ph (44) 81-443-7061 
Fax (44) 81-443-7022 
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tor, the LH9320L, developed by 
Sharp Electronics Corp., Camas, 
Wash., employs 24-bit data paths. 
When it’s clocked at 25 MHz (the low- 
power version), it can execute a 1- 
kpoint complex FFT in just 129 ms— 
about one-sixth the time required by 
the 20-bit Zoran chip—while consum- 
ing about 8 W (for the two-chip set). 
A higher-performance version that 
operates at 40 MHz trims the FFT 
time to just 80.7 ms. But to get the 
latter speed, the chip’s designers 
paid a price—the power consumption 
increases to about 6 W for the two 
FFT chips. 

The dedicated architecture of 
Sharp’s chip can handle data widths 
from 8 to 24 bits (real or complex) and 
moves that data around over four bi- 
directional and two unidirectional 24- 
bit-wide buses. Special on-chip re- 
sources, such as 60-bit accumulators 
and no-overhead indexed padding 
and filling of arrays, keeps internal- 
ly generated roundoff noise to a 
minimum while ensuring that the on- 
chip data memory stays full. To sim- 
plify the designer’s programming ef- 
forts, Sharp’s programmers have al- 
ready included on-chip routines for 
real and complex radix-2, radix-4, 
and radix-16 operations, as well as 
real and complex FIR filter opera- 
tions—all in ROM. 


FLOATING-POINT’S RANGE 


Although integer DSPs are more 
popular than their floating-point 
cousins by a significant margin due 
to their lower cost, there are many 
applications that require the dynam- 
ic range that only floating-point DSP 
chips can provide. Early floating- 
point versions tried to economize on- 
chip area by employing precision lev- 
els of 18, 22, and other word sizes. 
However, to ease programming and 
the transfer of algorithms and coef- 
ficients from large computers typi- 
cally used for development, most 
companies have now “‘standardized”’ 
on 32-bit single-precision floating- 
point DSP chips when wide dynamic 
ranges are needed. 

Designers at AT&T Microelec- 
tronics recently released an opti- 
mized version of the company’s 
DSP8210 floating-point chip, the 
DSP8207, to handle a wide range of 
multimedia sound and data-commu- 
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nications applications. Intended to 
perform real-time processing of mul- 
timedia sound and high-speed mo- 
dem applications, the chip can run at 
a top speed of 66 MHz and executes 
each instruction in just 60 ns. To im- 
prove performance over the 
DSP3210 chip, the I/O functions 
were repartitioned and separated 
from the core DSP functions. 

With DSP chips being designed 
into many battery-powered portable 
systems, the issue of low-power dis- 
Sipation is taking on greater impor- 
tance. As a result, designers of DSP 
ICs are adding power-conserving 
features and optimizing their chips 
for 5- and 3.3-V operation. For exam- 
ple, AT&T’s DSP3207 programma- 
ble DSP chip is now available in both 
5- and 3.3-V versions. It incorporates 
a power-down mode that trims pow- 
er much below the levels possible 
with the DSP3210 (less than 30 mW 
at 3.3 V), and an even lower power 


mode that basically shuts the chip 
down by gating off the clock signal 
(less than 3 mW at 3.3 V). 


Support TOOLS 
To support the chip, the company 


also released an upgrade to its VCOS 
real-time multitasking operating 
system (version 1.1). By running the 
applications on top of VCOS, the 
high throughput of the DSP3207 
floating-point chip lets the circuit 
play back audio while handling a sec- 
ond function, such as modem data 
transmission, in the background. 
Other companies see the low-pow- 
er market as very attractive. For in- 
stance, a low-power version of TI’s 
TMS820C31, the TMS320LC31, was 
released last quarter. The 32-bit 
floating-point DSP chip delivers 33 
MFLOPS and can run at 3.3 V. Like 
AT&T, designers at TI incorporated 
two power-saving modes: one slows 
the processor; the other stops the 


Variable 
length 
coder 


4-kbyte instruction cache 





image-compression/expansion processor, designed by C-Cube Microsystems, employs a 
central bus over which all internal processor sub-units transfer their data. The two key 
blocks on the chip are the motion estimator, which runs at about 2000 MOPS, and the 
general-purpose processor section that runs at about 240 MOPS (a). The general-purpose 
block actually contains four 32-bit CPU cores, each of which has access to a shared 4 kbytes 


of both instruction cache and data cache (b). 
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Introducing Motorola’s New 

Single-Board Computer. 

Meet the remarkable MVME197. 
It measures a mere 6x9 inches, but 
has the strength of several boards. 
In fact, the MVME197 is packed 
with more functionality, and more 
performance, than any single-slot 
6U VME board ever designed. 

On the other hand, we did 
have twice the room to work with. 
Because we put surface mount 
components on both sides of the 
board, front and back. 

Fast and Compact. 

The MVME197 is driven by 

single or dual 50 MHz RISC pro- 





cessors. These powerful MC88110 
engines take advantage of both 
on-board cache and Symmetric 
Superscalar™ processing. Making 
no single-slot 6U VME board on 
the market a match for the 
lightning-fast MVME197.  @& 

But while its a speed 
demon, its also a space miser. 

In addition to using both sides of 
the MVME197 board, we squeezed 
more functions into fewer ASICs. 
We also increased board density 
with LGA surface mounts. And we 
improved performance reliability 
with a new, highly-advanced 
soldering technique. 







Six Boards In One. 

Now, when space is crucial, the 
MVME197 will do the job of six or- 
dinary boards. So you can add more 
functions. Consume less power. 
And pay a whole lot less than 
| you would for half a dozen 
7 peripheral boards. But what 
else would you expect from the 


leading supplier of VME boards? 


We have a VME solution for 
almost any type of application. 
And keep in mind, its not just 
whats on the board that counts. 
Its whats behind it. 

Call one of the numbers below 
for more information. 


There Are Two Sides To The 


Story Of The Most Powertul 
Board Ever Developed. 








Front Side 


Back Side 


AUSTRALIA 61-2-906-3855 * BELGIUM 32-2-718-5582 * FRANCE 33-1-4095-5900 
GERMANY 49-40-236204-0 * HONG KONG 852-806-2901 * ITALY 39-2-8220-239 
JAPAN 81-33-280-8461 * SCANDINAVIA 46-8-734-8800 * SPAIN 34-1-345-8005 ° 
UNITED KINGDOM 44-628-39121 


(AA) MOTOROLA 


Computer Group 


© Copyright 1993 Motorola Inc. Motorola and the Motorola logo are registered trademarks of Motorola Inc. 
“Because The Game Has Changed” and “Symmetric Superscalar” are trademarks of Motorola Inc. 
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chip but maintains the memory con- 
tents. The low-power modes are im- 
portant if the chips are to be used in 
portable-system applications. In ad- 
dition to the low-power version, a 
higher-speed grade of the 320C31 
that runs at 50 MHz (50 MFLOPS) 
was also unveiled last quarter. 
Analog Devices, which already of- 
fers a 82-bit floating-point DSP, just 
upped the ante by extending its Har- 
vard architecture floating-point DSP 
family into the realm of what it dubs 
a “Super” Harvard architecture. The 
result was the ADSP-21060, which 
can execute 40 MIPS and 120 
MFLOPS (peak)—80 MFLOPS (sus- 
tained). Not only does the circuit of- 
fer the highest floating-point 
throughput, but it has the largest 
amount of on-chip dual-ported static 
RAM—4 Mbits. Thus, it can hold the 
entire vector set for a complex algo- 


RISC/DSP CHIP COMPARISON 


requency, MHz 


Ae finite impulse respo 


rithm such as a complex FFT (F729. 2). 

Even with 4 Mbits of RAM on-chip, 
data must be able to transfer into or 
out of the memory very quickly. To 
that end, the circuit’s designers in- 
cluded a ten-channel direct-memory- 
access controller that oversees 





transfers on six special link ports, 
two standard serial ports, and other 
interfaces. In addition, the circuit in- 
cludes special control lines that allow 
the chip to be employed in multipro- 
cessor arrays. 

Design tools used to create appli- 
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able for all general-purpose c com- 
puting applications. However, 
many specific applications, such 
as image and signal processing, 
pattern recognition, and neural- 
network emulation, lend them- 


NOVEMBER 11, 1993 


Y ‘ited-precision processors 
rented. along with re- 
nits (to improve chip 
Oo the fairly ies arce 


Sve cIO ty processors, | 


each with 4 kbytes of memory, 


which can all be clocked | Bh 20 


: whieh i is a respectable amor 
horsepower to handle va 


age, signal, and neural 
processing applications. 
Contributed by Dr. D 
merstrom, founder an 
technical officer, Adaptiv 
tions Inc., Beaverton, O 





DES IGN 





For $995 you can have a great 
function generator from SRS ... 





... or half of an 
HP or Wavetek. — 


Direct Digital Synthesis (DDS) is the innovative function generator architecture pioneered by SRS. First 
introduced in the ground-breaking 30 MHz DS345, DDS is now available in two NEW products, the D9335 
and D9S40. All three instruments have the advantages of DDS - one microhertz trequency resolution, 
low distortion outputs, linear and logarithmic frequency sweeps, and outstanding trequency accuracy. 
Optional computer interfaces provide complete control for remote or ATE applications. 


e DS335 — $995 e D5340 — $1595 
5.1 MHz Function Generator 15.1 MHz Function Generator Plus 
gine, Square, Triangle and Kamp Waveforms FSK and Arbitrary Waveforms with 
Low Distortion Outputs, -70aB (.1%2THD) 12 bits, 16k points and a 40MS/s clock 
Available GPIB and R5-232 Interfaces Available GPIB/RS-232 with Arb Sottware 


Two new function generators with the performance, features and quality you need—at halt the price. 
For more information or to arrange a demonstration call our applications engineers at (408) 744-9040. 


Affordable Performance. Only from SRS. 


SRS STANFORD RESEARCH SYSTEMS 


1290-D Reamwood Avenue ¢ Sunnyvale, CA 94089 
TEL (408)744-9040 ¢ FAX 4087449049 
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cation-specific ICs are also be- 
ing applied to moderate-perfor- 
mance DSP cores, such as the 
Pine DSP core developed by 
DSP Semiconductors Inc. _ Scalar instruction 
These DSP cores are now part pins memory 
of library functions to which ‘ A AOS} 
support cells like analog-to- , 
digital and digital-to-analog 
converters (ADCs and DACs), (1 oe 16 its) : go : 
blocks of RAM or ROM, and 
other functions can be added. 
Companies such as Silicon Global bus 
Systems Inc., which recently li- 
censed the core from DSP 
Semiconductors, can take the 
basic DSP core and surround it 
with market-specific sets of re- 
sources—codecs or modems 
for the communications mar- Internal 
ket, counter-timers and pulse- memory-mapped 
width modulators for the con- ee 
trol market, high-speed float- 
ing-point units for the 8D 
graphics market, etc. Or, de- 
signers can create their own 
custom digital signal processor 
by using a DSP core and add- 
ing their application-specific 
peripherals and memory to 
form a single-chip solution. 
More complex tasks, such as 
real-time image compression 
for video conferencing, multi- 
media, and upcoming high-def- 
inition television (HDTV), re- 
quire billions of operations per 
second. General-purpose mi- 
croprocessor-like DSP chips 
with throughputs of up to 50 


5. THE IMAGE-compression 


coprocessor from array 
Microsystems. contains multiple 
processors. The device controls all 
operations with a scalar 
instruction processor that 
possesses its own program and 
token memory (a). A 96-bit-wide 
internal bus allows data 
movement between all of the 
subprocessor blocks at 400 
Mbytes/s. At the heart of the 
motion-estimation coprocessor, 
which supplements the ICC to 
perform image encoding, is the 
block-matching processor that 
performs over 7 GOPS while 
concurrent operations take place 
on the video input buffer and the 
auxiliary bus interface (b). 
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million instructions/s can’t deliver 
the high-performance required by 
these applications, which typically 
have signal frequencies in the tens of 
megahertz. Such high signal speeds, 
require processors that can execute 
several gigaoperations per second. 

To achieve those speeds, DSP IC 
designers are exploring advanced al- 
gorithms and parallel-processing 
schemes on both general-purpose 
and dedicated chips. For example, 
the latest round of multimedia sup- 
port chips that perform JPEG or 
MPEG image compression or expan- 
sion are implemented with a dedicat- 
ed architecture, optimized for the al- 
gorithms that the JPEG or MPEG 
functions require. Such chips are 
now available from C-Cube Micro- 
systems, Integrated Information 
Technology, LSI Logic, SGS-Thom- 
son, and many others. 

C-Cube’s CL4000 DSP IC, for ex- 
ample, can perform real-time MPEG 
encoding or decoding of 352-by-240- 
pixel images at up to 30 frames/s (or 
320 by 288 pixels at 25 frames/s). It 
can also act as a Px64 full-duplex co- 
dec for 352-by-288-pixel images at up 
to 15 frames/s, as well as perform 
JPEG image compression or decom- 
pression (ELECTRONIC DESIGN, Oct. 
1, 1993, p. 123). More basic functions 
also possess great speed—an 8-by-8- 
element discrete cosine transform 
(DCT) and quantization operation 
needs just 200 clocks (at 16.5 ns/ 
clock), while a motion-sense estima- 
tion on two 16-by-16-pixel blocks re- 
quires just 70 clocks. 

Furthermore, multiple CL4000s 
can be employed in unison to encode 
even larger, high-resolution im- 
ages—720-by-480 pixels at 30 
frames/s. With Px64 encoding (also 
referred to as H.261), the codec can 
perform quarter compressed-image- 
file (CIF) and full-CIF image encod- 
ing and decoding, as well as half-du- 
plex encoding (CIF with a 15-Hz 
clock) and half-duplex decoding for 
compressed image files with frame 
rates of 30 and 10 Hz, respectively. 

The CL4000’s 1.2 million transis- 
tors are spread among different in- 
dependently controlled computation- 
al blocks that are tied together by a 
common internal bus (F2g. 4a). To 
run the computations with overhead 
to spare, the chip’s internal clock cy- 
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cles at 60 MHz. 
The system 
throughput gets 
its first contribu- 
tion of 240 million 
operations per 
second (MOPS) 
from a general- 
purpose compute 
engine composed 
of four identical 
32-bit subproces- 
sors (Fig. 4b). 
Those subproces- 
sors are orga- 
nized as a simple 
array processor 
employing a sin- 
gle-instruction- 
multiple-data 
(SIMD) architec- 
ture. The four pro- 
cessors in the 
compute engine 
Share 4 kbytes 
each of instruc- 
tion cache and 
data cache. 

One way of min- 
imizing the a- 
mount of image data that must be 
transmitted is to send only the mo- 
tion differences between one frame 
and the next. However, a tremen- 
dous amount of processing power is 
required to extract the motion froma 
large number of pixels. To do that 
job, designers at C-Cube included a 
2000-MOPS motion-estimator block 
that contains 16 subprocessors and 
some control logic. The subproces- 
sors operate as a SIMD parallel pro- 
cessor, and are arranged in a four- 
by-four matrix (to handle 16 pixels at 
a time). The estimator, which search- 
es for half-pixel motion vectors, fea- 
tures both a programmable search 
range and a programmable block 
size. As a result, this allows the user 
to optimize the search and computa- 
tion algorithms. 

The rest of the chip contains a 50- 
MOPS video interface unit that han- 
dles all video data transfers, both a 
variable-length encoder and decod- 
er, and an 80-Mbyte/s DRAM con- 
troller (for image and storage) witha 
DMA controller. The video-interface 
blocks give designers the option to 
interpolate output video data, or use 
the ports on those blocks as high- 
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32 bits wide. 


6. A PARALLEL-PROCESS 


uses a crossbar shared memory is featured on the MVP chip 
currently under development at Texas Instruments. The IC will 
contain multiple DSP CPU cores, a master RISC processor with 
floating-point coprocessor, and multiple shared blocks of SRAM. 
Each DSP core will use 64-bit-wide instructions, and the 32-bit RISC 
processor will employ a 64-bit-wide data bus that pulls in two 32-bit 
data words every bus cycle. The RISC processor's instructions are 
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architecture that 


speed data ports. Moreover, a seven- 
tap decimation filter is available to 
preprocess the input video pixels is 
available. 

Also targeted at multimedia video, 
the Vision Processor designed by In- 
tegrated Information Technology 
uses a 64-bit internal architecture for 
video-signal processing based on 
DCTs. It can execute JPEG, MPEG, 
and CCITT H.261 (Px64) video com- 
pression/decompression _ algo- 
rithms. The device’s RISC-like com- 
pute engine executes microcoded in- 
structions that would be incorporat- 
ed into an on-chip ROM. Catalog 
versions of the chip, with predefined 
microcode, are available. Designers 
ean also work with IIT to develop 
custom algorithms that can be inte- 
grated in the on-chip ROM. 

A superset of the Vision Proces- 
sor, the VCP, was unveiled last 
month. It replaces both the Vision 
Controller (a support chip for the Vi- 
sion Processor) and the Vision Pro- 
cessor itself, adding programmable 
video pre- and post-processing and 
communications features. The VCP 
can thus be used in video telephones, 
desktop video platforms, and other 
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applications that need real-time vid- 
eo compression. 


UPGRADABLE PERFORMANCE 


By dedicating silicon for a particu- 
lar function, just the right resources 
can be integrated on a chip, minimiz- 
ing chip area and silicon cost. Howev- 
er, that limits the chip’s flexibility 
and leaves both the manufacturer 
and user in the lurch if a better algo- 


rithm or a different set of on-chip re- . 


sources can improve performance. 
Thus, a number of companies are de- 
veloping programmable parallel- 
processing DSP chips that can easily 
be modified. Two examples of such 
architectures include the Video- 
FLOW chip set created by array Mi- 
crosystems and the forthcoming 
MVP programmable parallel proces- 
sor currently being developed by 
Texas Instruments. 

Because algorithms are continual- 
ly enhanced, locking in the hardware 
or accepting lower performance may 
both be intolerable options. To deal 
with this difficult dilemma, design- 
ers atarray Microsystems crafted an 
image-processing solution, which is 
in part funded and supported by 
Samsung Electronics Co., Seoul, 
South Korea. 

The initial VideoFLOW architec- 
ture consists of two CMOS chips: the 
main device is the image-compres- 
sion coprocessor (ICC); the compan- 
ion chip is the motion-estimation co- 
processor (MEC). In addition to de- 
fining the silicon, array Microsys- 
tems has worked with SofTech 
Corp., Waltham, Mass., which creat- 
ed the VideoFLOW software devel- 
opment tools (including a flow-graph 
editor, an assembler and linker, and 
an ICC/MEC simulator). 

The ICC combines limited pro- 
grammability and high-performance 
dedicated processing blocks. When 
the two chips are used, the 50-MHz 
chip set will tackle video compres- 
sion/decompression applications 
based on CCITT/ISO standards with 
a resolution of up to 4096-by-4096 8&- 
bit pixels per component. For decom- 
pression only, just the ICC chip is re- 
quired. In a typical system, the ICC 
ties into either a DRAM- or VRAM- 
based video memory and employs 
two more buses. 

One bus ties directly to the MEC; 
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the other bus ties to both the MEC 
chip and to another processor. That 
processor can be either a general- 
purpose CPU (such as a RISC CPU), 
or a programmable DSP chip. The 
MEC circuit also has a third bus that 
ties into a DRAM-based video-memo- 
ry subsystem which supplies data di- 
rectly to the MEC. The resulting sub- 
system requires little or no glue logic 
for the DRAM or VRAM interface, 
thus greatly simplifying the overall 
system design. 

The core DSP engine in the ICC 
chip performs over one billion opera- 
tions per second (1 BOPS) and em- 
ploys about 1.8 million transistors to 
do the job (Fig. 5a). Implemented in a 
highly modular, token-passing archi- 
tecture, the ICC can easily be modi- 
fied to add new functions or remove 
unwanted blocks. This allowed array 
Microsystems to quickly bring appli- 
cation-optimized versions to market, 
or customers could create their own 
custom version. The companion 
MEC is used when MPEG and Px64 
motion-compensated encoding must 
be performed. It executes about 7 
BOPS by using approximately 1 mil- 
lion transistors (F2g. 5b). 

The chips can handle motion video 
at 30 frames/s and perform JPEG 
encoding or decoding for CCIR-601 
720-by-480-pixel images. The MEC 
can encode and decode all standards, 
doing so simultaneously for Px64 
and JPEG standards. For Px64 algo- 
rithms, it performs single-encode/ 
two-decode operations on CIF (Com- 
mon Interface Format) images (352- 
by-288-pixel), or single-encode/sev- 
en-decode operations on QCIF (quar- 
ter CIF 176-by-144-pixel images). 

MPEG encoding can be done at 30 
frames/s for 352-by-240-pixel SIF 
(source input format) images, and 
MPEG decoding for NTSC (National 
Television System Committee) or 
two SIF images. The circuits also 
support the full displacement range 
of MPEG motion vectors—half-pixel 
motion vector resolution and multi- 
ple B frames per P frame for both 
encoding and decoding. Even higher 
performance can be achieved if mul- 
tiple MEC chips are added to the ICC. 
However, the MEC is only needed in 
encoder applications that require 
motion estimation. Color-space con- 
version or image up/down sampling 
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isn’t performed by the chips. 

Design activity by TI on its MVP 
chip is reaching feverish proportions 
since the company unveiled the first 
details of the parallel processor earli- 
er this year at the IEEE Hot Chips 
conference at Stanford University, 
Stanford, Calif. The processor will 
incorporate multiple 32-bit integer 
units, a single floating-point copro- 
cessor, and a flexible crossbar 
switch to interconnect the multiple 
processors with multiple banks of 
memory for the DSP CPUs. The chip 
also includes a separate memory 
block that holds both instruction and 
data caches for the RISC engine that 
oversees the entire chip’s operation 
(Fig. 6). The chip is targeted at appli- 
cations that run well on parallel pro- 
cessors. There are no immediate 
plans for it to run an existing applica- 
tion’s binary object codes that oper- 
ate on the TMS320 family. 

The MVP, which ranks as one of 
the most complex DSP chips defined 
to-date, packing over 3 million tran- 
sistors, will employ multiple, full 32- 
bit DSP blocks, each with their own 
multiplier, splittable (on 8-bit bound- 
aries) arithmetic and logic unit, and 
shift and bit-field hardware (includ- 
ing barrel rotation). The DSP blocks 
can be independently controlled and 
can execute their own instruction 
streams, thus giving the MVP a mul- 
tiple-instruction/multiple-data ma- 
chine architecture. Data words are 
32 bits wide; however, instruction 
words are 64 bits wide, which allows 
for more internal parallel control. 
Thus, more can get accomplished 
during each cycle. 

The on-chip RISC processor (opti- 
mized for C-coded algorithms) and 
the floating-point unit are also 32-bit 
engines capable of single-cycle inte- | 
ger or floating-point computations. 
The IEEE-754-compatible floating- 
point unit can do several operations 
in parallel to save precious cycle 
time. In one cycle, it will be able to 
perform a multiplication operation, 
an addition operation, and a 64-bit 
load/store operation.U 


How VALUABLE? CIRCLE 
HIGHLY 580 


MODERATELY 581 
SLIGHTLY 582 


DES I6N 





ee : Sees ere ee : 
L mal | ee - 

ee Sa ae SS Oe ce ose eran ae 
Pc Se aa ec Sees eas 
(Sra ret aire unnn e U REE 5 Sas peecec tree eects s 
See Se : oe 

ey Sank Giant eae 

oe a 


SRR Su EG 
USS E RUG Cera eco 
SE Seen eee cae 
Beaaumupe Sena ae 


ee 


Buon ora aay 


Beata 


is 
a 
: 


eek 
eer 
eeeees 


Soe oe 
oo 
ae 


Sa : Sor aaaaeees SHR oRER seat Stuer 
7 sant Sait Bria) ne ae at =f rH ba 
e a eee Ce : eee i ; 
< Misi eis Ranta i a ay iH ‘3 ak sis aki cs uae 
Poe eennane es CSE ‘ COCs ar cee 
Sees o ea : EE He te Cake 
COS ea ee Se eo mena om 
: ae co UGS eRe EET ae oe re 
fi) Soa ee Sune a - ‘ 
: ; Cue cae 
sane ae Saae 
ae 3 


ie Geran aaMaBoT J 
ce ee ow 
es Saad ; 


aie 
ae 


é 


Be 
oe 
sh a 

a 


ne 


a 


ou 
a 
Be 


= 
eee 
Se 


rma 
ee 
Bana 


eal 
oe 
re 


: 
aS 
Sparen 





a ie 
Ge 


Find out all about Preci-Dip’s Board-to- el 





s 
oon 
: 


: 

8. 

ae ok 

pace 3 
. 


Board Connector line in the new Catalog |__ 


Bas 
Naas 






a 
. 
- eee 


available free of charge. Choose among 






e 
te 


ee 


st 


ée 
ee 
ae 
oe 
iS 


Preci-Dip’s Series 800 Hi-Rel or its Series 


= 
: 
: 


oe 






eee 
ean 
rat 


i 


pecees 
es 


ea 


Gab 
aa 
eae 


i _ See Ute 
300 and 400 miniature connectors; its |. yaaa Ce 


eueren 
ae 
oes 






Series 700 «Zero Profile» Carriers and 






many others. 








: ; : ae i's ' watt _ 
Discover the brand new 2mm metric | {i 
: 


pitch and the 1.27 x 1.27mm ultra- 





miniature connectors and get in line 






with tomorrow's standards in telecom | La , 2. .lUu 






Suny 
ie 


and data processing equipment. Termi- [igh nee SN ee ANN ee 8? rl 






nations for PCB soldering (straight or 90° 






on 
es 


spills) or SMT are standard. 






E e \ ie seins Baa RS ps ty : 5 eas 
Sees : Be ae ; Sans < | sate Dey Pees . 
; . : : : : : : a : ; Se 1 eS : : Sana ana 
Preci-Dip’s widel roven contact tech- _ wee _ | — | 
: : Ses Seg BA ne eae : See eee Oe aa 
i ; i : coe a ae eae SEAR nee ca! 
: ss ee Ee 
: 






oe 


oe 


nology with non-wicking machined con- 






ee : 
So 


ee 
: - 
: 


tact bodies and gold plated 3, 4 or 6- 






Bases 
Baas 
ee 


ay 


eee 
an = 


finger clips for controlled extraction/ 


se 
ne 
eas 






Reece 


insertion forces is reliable and cost effec- 






tive. A good choice to make — and a safe 
one! 
Call Preci-Dip or your nearest Preci-Dip 


dealer for additional info and top service! 


Preci-Dip SA 

CH-2501 Bienne Switzerland 
P.O. Box 396 Phone (32) 251 271 
Telecopier (32) 251 270 


Staying tough at the top 





CIRCLE 163 FOR U.S. RESPONSE 
CIRCLE 164 FOR RESPONSE OUTSIDE THE U.S. 

















x 
ts 


f 


=f. 











Comprehensive 


VAC’ 


fe2 
H V's 
ConNOQO 
Om + 
£os 
Ce Hh 
ae) 
— 
SE” 
dp) 
aS 
aS oO 
LHL YG 
Qa 52 
AF eca 
E= 52 
O = J 
oO 35” 
” 20 
a 
ae) 
per: 


range of 


Ive 


As a specialist for both the induct 


components and core materials, 





Vac offer an extensive and opti- 


O co 
oe Oc 
Pie Oy 
~ oO Cc 
© ~—~s 
> O 
== 
& so) 
Sew) — 
Yn — oe) 
Coe 8 
350 52 
oa § 
— © ome 
ae CO ® 
- en ee 30 
2h OS 6 
OadaQW 
= oF 0 SO 
- oOo esS 
Go e¥ FON 
N@ ®@ 
‘= 


ter- 


In 


ional and 


national standards 


@ approvals to nat 


ion of the large VAC 
ion program for 


A small select 


product 


power 


supply components 


transform- 
, regu- 
suppres- 


ing chokes 


measurement, 


IONS: 


t 


ICa 


smooth 


ion 
etc 


sion 
Interested? 


@ for all appl 
ers 
lat 


iscover 
ive compo- 


Call us now andd 


more about these attract 





1 
Oo” 
q) 
Og 
o> 
~ 
Oo 
oO 
Co 
OT 
a te 
® © 
5omn7,) 
FO 
ro) 
£N 
5 0 
Ss 
cs 
o, © 
ee = 
nH 
co 2 
oO O 
es 


VACUUMSCHMELZE 


3 
© 
ea 
© 

ae 

N 

wz 

% 

© 

© 


ic of Germany, 


Federal Republ 


Box 2253 @§ (**49) 6181/38 


’ 


VACUUMSCHMELZE GMBH 


52) 
oO 
a) 
> 

169) 

© 

(0) 

Tt 

© 

vt 





Circle 196 


te) 
vt 
© 
ibe 
(06) 
98) 
~ 
e@) 
es 
© 
2) 
vt 
* 

~ 





-O 


P.O. 


DESIGN APPLICATIONS 


VIRTUAL DESIGN SPEEDS 





DESIGNERS DON’T NEED 
SIMULATORS AND 
EMULATORS TO DEVELOP 
EMBEDDED SYSTEMS 
SOFTWARE WITHOUT 
TARGET HARDWARE. 


NINO VIDOVIC 
Ready Systems Inc., 470 Potrero Ave., 
Sunnyvale, CA 94086; (408) 522-7314. 
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EMBEDDED SYSTEMS WORK 






hen you talk embedded systems, the 
main focus is on custom-built hardware 
matched with customized application 
software. Such a setup, though, pre- 
sents developers of these systems with 
a special challenge: Target hardware often is unavail- 
able until late in the project, and developers usually lack 
a complete set of facilities for software development and 
debugging. 

A technique called “virtual design,” however, uses a 
set of tools that allows development of embedded-sys- 
tems software without target hardware. The “‘virtual de- 
velopment environment” is a simulation environment 
that offers a rapid prototyping capability for target 
hardware, and simulation for input and output devices. 
Included is a complete set of tools for the development of 
embedded-system software. 

At the board-granularity level, a feature called “‘virtu- 
al target” supports a transparent interface between 
hardware and software I/O devices. The virtual target 
allows software modules to be “swapped in place” with 
the hardware modules, thus it has minimal effect on the 
application code. This article describes the basic features 
of the virtual development environment, along with a 
design example. 

Two major characteristics of embedded systems are 
tight integration among software and hardware compo- 
nents, and long delays in hardware availability for soft- 
ware development. Tight integration makes it difficult to 
quickly adjust the design in one domain based on design 
changes in another domain. 

For example, a decision to increase the number of I/O 
ports will usually require additional device drivers and 
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trigger changes in the application 
software. Also, the traditional se- 
quential design process, in which 
software development follows hard- 
ware development, complicates the 
design of embedded systems. 

To overcome the lack of hardware, 
embedded-system software develop- 
ers have used hardware emulators 
and simulators of the target hard- 
ware’s architecture. With these emu- 
lators and simulators, developers 
can design, develop, and verify the 
functionality of their software con- 
currently with hardware develop- 
ment. This approach allows some 
flexibility in the design of the soft- 
ware, but at the expense of higher 
design costs (the price of the emula- 
tor) and design time (the time spent 
developing a simulator). 

Simulator development, in partic- 
ular, requires substantial effort and 
diverse expertise, such as graphical 
windowing systems and a host oper- 
ating system. Also, these simulators 
often provide only crude functionali- 
ty, so applications developed with 
them frequently need to be re-engi- 
neered (or re-implemented) when the 
hardware becomes available. 


HARDWARE ESSENTIAL 


Therefore, developers of any soft- 
ware subsystem (for example, appli- 
cation, kernel, device drivers) must 
have asolid working prototype of the 
hardware (including the target and 
I/O subsystem) available, as well as 
other software subsystems. To solve 
the problem of hardware unavail- 
ability, design frameworks shoul 
have tools that allow rapid prototyp- 
ing of target hardware and I/O sub- 
systems without expensive hard- 
ware emulators and tedious simula- 
tor development. 

The prototypes should be at a level 
of abstraction that doesn’t require 
other subsystems relying on the pro- 
totypes to change significantly when 
the final working subsystems are 
available. That is, the tools should 
provide an abstract model of the tar- 
get resources with swap-in-place ca- 
pability, so the application-software 
develop-debug-test process can 
transparently move from prototype 
to actual target hardware. 

In this environment, only recompi- 
lation of the application software 





should be required. Furthermore, 
the development, debugging, and 
testing tools used in the process 
should not change. Such a design en- 
vironment will provide a measurable 
improvement in designer productivi- 
ty, a reduction in cost, and an in- 
crease in product quality. 

A complete virtual development 
environment must supply a frame- 
work for specification, design, devel- 
opment/debugging, simulation/pro- 
totyping, and testing of embedded- 
system software. The environment 
should encompass tools and tech- 
niques that enable: 


e Description of the system and its 
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interfaces and attributes, such as 
performance, reliability, size, and 
cost 

e Phased refinement and _ verifica- 
tion of the design 

e Rapid prototyping to allow analy- 
sis of architecture and performance 
trade-offs 

e Efficient testing through transpar- 
ent interfaces between hardware 
and software components, such that 
a software module can be swapped in 
place with a hardware implementa- 
tion of the same module 


A virtual development environ- 
ment consists of a virtual target and 
virtual I/O devices and instruments 





1. A VIRTUAL DEVELOPMENT ENVIRONMENT creates a virtual 


target, which can be used to develop embedded-system software by porting key elements of 
the target-resident environment to a host machine. The virtual target is an abstraction of 
the physical target within the host machine. 
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(Fig. 1). The virtual target is an ab- 
straction of the physical target with- 
in a host machine, which can be any 
Unix-based computer. By porting 
key elements of the target-resident 
environment to the host system, em- 
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VIRTUAL DESIGN PROCESS progresses 


with hardware availability, as can be seen in this example. The 
primary changes occur in the evolving logical device drivers 
(LDDs), as the project goes from no hardware available (a), to 
a real target available (b), to the full system ready for 


VIRTUAL DESIGN 


bedded-software developers can exe- 
cute C language application code on 
the host machine. 

The virtual target offers an appli- 
cation the same operating system 


(OS) and I/O interface as does the 


— real target. This 
means software de- 
velopers can realisti- 
cally debug multi- 
tasking embedded 
applications without 
target hardware, in- 
cluding portions of 
application or device 
driver code that in- 
teract closely with 
the OS or I/O inter- 
face. 

The virtual target 
isn’t a simulator. It 
runs application and 
device driver code in 
——— | the context of a bare 
: kak | machine or a real- 
: time executive (for 
example, a off-the- 
shelf real-time oper- 
ating system or cus- 
tom kernel) on the 
host system’s pro- 
cessor. Software de- 
velopers can config- 
ure the memory map 
of the virtual target, 
compile C application 
modules using native 
tools, link them to- 
gether incremental- 
ly, and then down- 
load them to the vir- 
tual target. In addi- 
tion, the virtual 
target can be easily 
configured to include 
different types and 
numbers of virtual I/ 
O ports. 

Once an applica- 
tion is downloaded, 
developers can de- 
bug the application 
with the same tools 
that will be used on 
the real target. If the 
host employs the 
same processor as 
the target, software 
developers can also 
use the virtual target 
to debug at the as- 
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sembly level. 
The main characteristics of the vir- 
tual target are: 


e Support for high-level language (C 
and C++) code development, debug- 
ging, and testing 

e Rapid prototyping of simulated 
target hardware 

e Support for non-OS and OS applica- 
tions (for example, the VRTXsa- 
Multi-threaded real-time kernel de- 
veloped by Ready Systems) 

e Multiple virtual targets on one host 
e Configurable memory and virtual 
I/O ports (devices) 

e Expandable virtual I/O ports and 
I/O instruments 


To implement the “virtual instru- 
ments,” software developers can use 
off-the-shelf graphical modeling 
packages such as DataViews (VI 
Corp., Northampton, Mass.), SL— 
GMS (SL Corp., Corte Madera, 
Calif.), TEA+ (NASA), and TCL/Tk 
(University of California at Berke- 
ley). The main characteristics of 
these packages are: 





e Rapid prototyping tools for I/O 
stimuli for use with both virtual and 
real targets 

e Configurable virtual I/O Instru- 
ment panels 

e Expandable virtual 1/O Instru- 
ment panels with new custom de- 
vices 


The example design-process de- 
scribed here demonstrates the effec- 
tiveness of the virtual target concept 
in the development of embedded-sys- 
tems software. The technique is used 
for a handheld communication de- 
vice or instrument, such as a cellular 
phone. Typically, this consists of the 
target board and an instrument pan- 
el, additional I/O inputs for gather- 
ing “environment” data, and usually 
an I/O channel for data transfer to 
and from other data-processing 
equipment (such as a remote com- 
puter system). 

In the final production system, the 
operator interface hardware acts as 
a custom LUD display with a set of 
keys. This type of architecture is 
found in a number of applications, in- 
cluding telecommunications, trans- 


portation, power systems, and medi- 
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cal monitoring. 

The first phase of the process is 
the environment used by the soft- 
ware developers when no hardware 
exists (Fig. 2a). At this stage, both 
the computing and the display hard- 
ware are being designed and imple- 
mented. The virtual target supplies 
the basic CPU execution engine to 
serve as a prototype of the actual 
hardware. 

The developers use an off-the- 
shelf virtual instrument package, 
such as DataViews, to simulate the 
instrument’s actual LCD display. 
Note that the engineers developing 
the display can also use this environ- 
ment to test various concepts in the 
display before their design is frozen. 


A Key INTERFACE 

The logical device drivers (LDDs) 
are critical interfaces that ease the 
transition to actual hardware. Thus, 
they play a key role in the swap-in- 
place concept. The application ac- 
cesses the simulated LCD only 
through the LDD defined for the dis- 
play. The LDD interface remains 
constant, even as the process 
changes from driving a simulation to 
driving the actual display. In the vir- 
tual target environment, the L’D 
uses standard Unix communication 
facilities, typically the socket inter- 
face, to establish a connection to an- 
other process that will support the 
display simulation. 

The programming environment 
for the display simulation is that of a 
normal Unix C program, enhanced 
with the virtual instrument package 
used to build the LCD display simula- 
tion. In addition, the display-simula- 
tion software uses the socket con- 
nection to synchronize and communi- 
cate with the logical device driver on 
the virtual target. 

As the hardware design 
progresses, the target com- 
puting hardware becomes 
available. The application 
software then moves from 
the virtual target to the ac- 
tual target hardware. The 
connection from the target 
manager to the virtual tar- 
get moves to the real target, 
using an external hardware 
link such as a Serial line 
(Fig. 2b). However, even 
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and output simulation. 


though the underlying hardware and 
its connection to the tool software 
changes dramatically, the develop- 
ers use the same toolset as that of 
the virtual target. 

The LCD hardware is still unavail- 
able, so the developers must contin- 
ue to use the simulated display. To do 
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computer, which can be any Sun3 or Sun4. Virtual Instruments are included to supply input 
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so requires replacing the LDD from 
the virtual target with an LDD that 
runs on the real target. Notice that 
the target-resident LDD now uses 
the debugging channel provided 
through the target manager (the 
host-resident part of the debugging 
server) and xtrace (a target-resident 
part of the debugging serv- 
er) to pass information to 
the display simulation. 

The host-resident display- 
simulation software then 
changes its lower-level in- 
terface from the socket- 
based connection of the vir- 
tual target to the target- 
manager-based connection. 
But the application soft- 
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ware never sees this 
change. 
In the final stage, the tar- 
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(see Code Listing) 
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4. THIS DIAGRAM ILLUSTRATES an example of the synthesis process by 


which a new virtual target is created. Two additional virtual I/0 ports use Unix sockets. 
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5. TO RAPIDLY CREATE A PROTOTYPE of the virtual instruments for the 


example video game, Spectra relies on DVdraw, an interactive drawing editor for creating 
customized user-interface screens. 
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get hardware includes the actual 
LCD display hardware (Fig. 2c). The 
LDD is now modified to drive the 
real LCD rather than the simulated 
LCD. The application software still 
sees the constant LDD interface 
and, consequently, will not change. 

This example illustrates that by 
establishing the appropriate inter- 
faces early in the development pro- 
cess, the application software can re- 
main essentially unchanged 
throughout the process. As a result, 
the developers’ confidence in the 
software was greatly enhanced be- 
cause it had run for a larger part of 
the development cycle. 


SUN Hosts USED 

The Spectra Virtual Target Envi- 
ronment (SVTE) designed by Ready 
Systems consists of the company’s 
Virtual Target (VT) tool and VI 
Corp.’s DataViews virtual instru- 
ments package (F7g. 3). As noted, the 
virtual target is an abstraction of the 
physical target within a host ma- 
chine, which can be any Sun8 or Sun4 
computer. VT allows developers to 
execute C-language application code 
within the context of the virtual tar- 
get on the host machine. Host-resi- 
dent tools help develop and debug ap- 
plication code on the host computer. 
Virtual instruments supply input 
and output simulation. 

At the board-granularity level, 
SVTE creates a transparent inter- 
face between hardware and soft- 
ware I/O devices. The hardware ab- 
straction layer is provided by a board 
support package (BSP), which con- 
sists of LDDs and logical I/O (logio) 
functions. 

The logical device drivers consist 
of the generic device access func- 
tions: logio—device—init, logio— 
device_read, logio__device__w- 
rite, logio__™device—control, lo- 
gio—device_getmsg, logio—de- 
vice_putmsg and logio—device— 
poll, as well as interrupt handling 





support. Software (that is, the ker- 


nel, OS, application, etc.) doesn’t 
communicate with physical devices, 
but rather with abstract I/O objects. 

The input to a logical I/O function 
is a device ID that determines which 


physical or virtual device is affected — 


by a logical I/O function call. From 
the viewpoint of the software, the in- 
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What's LTCC? tree 
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CODE LISTING 


#include(vtarget.def) 
#include(vtsun4.def) 
#include(cc.def) 
dev.keypad__1.type: socket 
dev.keypad__2.type: socket 


dev.keypad__1.name: KEYPAD__1 
dev.keypad__1.method: logio__keypad__1__meth 
dev.keypad__2.name: KEYPAD__2 
dev.keypad__2.method: logio__keypad__2__meth 
board.devices.usr: keypad__1, keypad__2 
vtarget.objs.usr: ./socket.o 

vtarget.libs.usr: /usr/lib/libc.a 

board.memory: 0x000000, 0x20000, BOOTOS__ 


terface to the hardware remains the 
same. Therefore, none of the target 
software, other than the BSP, ad- 
dresses the underlying hardware, 
whether physical or virtual. 

System designers can swap in 
place two physical targets with the 
same I/O capabilities without chang- 
ing the application software. They 
can also swap in place virtual and 
physical targets without changing 
the software. 


od 


od 


MEMORY__UNUSED__HOST, 0},{0, 0x1 00000, BOOTOS__MEMORY__UNUSED__TARGET, 0}, 


Swap-in-place capability applies 
not only to the targets as a whole but 
also to the individual I/O devices. 
For example, on a physical target, 
you can swap the physical console 
device (the character terminal) with 
the virtual console (the terminal em- 
ulator program executing on the 
host in the context of an X terminal). 
Spectra also allows logio device driv- 
er modules to be swapped in place. 

Although application software is 


Editor: snakes.c 
get_inputs() { 


eeculciu { 


Timing profiler 





get_inputs ll M_ 
play_game __S i im _ 


<_get_inputs(foo) { 


ieee { 


>load 0s.0 


>go 
>load snakes 


>go 
>debugsnakes 


Debug daemon 
—_] 


[ «| 


Virtual target 


Virtual keypad 
Player 1 





6. THE DEBUGGING AND TESTING process for the example video game 


starts with development of the kernel, which is built using the synthesis tool and loaded 
using a loading shell. After the kernel is started, the application program is compiled, 
loaded, and started. 
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unaffected by a swap, a change in 
the configuration of the devices re- 
quires that the target be reconfi- 
gured. In the case of the physical tar- 
get, a modified BSP must be generat- 
ed. For the virtual target, a new vir- 
tual target is built. 


AUTOMATED SYNTHESIS 


Spectra uses a synthesis tool to 
automate the creation of a BSP anda 
virtual target. If all of the device 
drivers for the new I/O devices are 
available, developers need only write 
a small specification file and execute 
the synthesis tool. 

The synthesis process for building 
a virtual target for the Snakes Video 
game system, which has two virtual 
I/O ports that simulate serial inputs, 
is a good example (Fig. 4). The virtu- 
al I/O ports, built with Unix sockets, 
are called KEYPAD—1 and KEY- 
PAD_2. Each is connected to one 
keypad panel. Pressing a key on the 
keypad sends 1 byte to the virtual 
target. 

A third I/O port, connected to the 
“virtual console,” is standard on ev- 
ery virtual target, so it need not be 
specified when configuring a virtual 
target. A single re-entrant LDD is 
provided for both virtual ports. 

The virtual I/O port consists of 
template and device driver files. The 
template file contains the data struc- 
ture that describes the ‘on-board’ 
socket-based I/O devices. The device 
driver file features three basic func- 
tions: creating and initializing the 
socket I/O device (logio—_device— 
init); reading (logio__device— 
read); and writing (logio__device— 
write). The complete logio driver 
code contains only several hundred 
lines of code. 

The logio_device—init function 
is called during creation and initial- |. 
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ization of the device by the system. 
First, the Internet TCP/IP socket is 
created, and then the socket is as- 
signed the port number supplied by 
the Unix system. 

Next, during the device-specific 
initialization, the socket is made 
nonblocking, allowing for asynchro- 
nous I/O signals. After the listen 
command is executed on the socket, a 
flag is set showing that the socket is 
not yet connected. 

The logio—device—_read function 
reads from the virtual I/O port. If 
not connected, it executes the accept 
call to process any pending connec- 
tions. If connected, it reads from the 
new socket and passes the buffer to 
the logio__device—read caller. 

The logio—device—write func- 
tion writes to the virtual I/O port. It 
writes the buffer to the socket. 


SPEC FILE NEEDED 


In this example, the specification 
file called video—_game.def is re- 
quired for the synthesis process (see 
the listing). The first three lines of 
the specification are files with the 
rules for building the Sun4 (Sparc) 
virtual target using Sun’s native 
compiler tools. 

The rest of the file contains the 
values of the various properties, like 
the device type (for example, dev- 
.keypad—l.type: socket), a list of the 
devices (board.devices.usr: key- 
pad__l, keypad_2), a list of the files 
containing the device driver code 
(vtarget.objs.usr: ./socket.o), addi- 
tional libraries, and the memory map 
specification. The synthesis tool uses 
this specification file along with de- 
vice templates (such as ./sock- 
et.tmpl), and a knowledge base of 
general rules and templates (vtar- 
get.def, vtsun4.def, devices.tmpl, 
and bootenfg.tmpl) to generate the 
virtual target. 

The time needed to configure and 
build the virtual-target prototype 
(Fig. 4 again) was about 24.5 hrs., 
including development of the device 
driver code. (Table 1). If existing de- 
vice drivers had been used, the time 
required would have been negligible. 
Even with device driver develop- 
ment, the time needed to build a vir- 
tual-target prototype can be two or- 
ders of magnitude shorter than the 
time needed to develop a traditional 
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simulator. 

The next step is to built a proto- 
type of the virtual instruments for 
the video game system using the 
Spectra Virtual Instrument Proto- 
typing system. In this process, Spec- 
tra relies on two portions of Data- 
Views—DVdraw, an interactive 
drawing editor for creating custom- 
ized user-interface screens; and 
DVtools, a runtime library of sub- 
routines that manage and manipu- 
late the display. Spectra uses 
DVdraw to quickly prototype the vir- 
tual instruments (Fvg. 5). 

DVserver, which acts as Spectra’s 
virtual instruments display execu- 
tive, is a DVtools application that 
uses Spectra’s logio interface to send 
and receive data over virtual 
I/O ports. DVserver is customized 
for an application by relinking it with 
a custom logio device driver. This 
driver is generated from the view file 
employing an included converter 
program that parses DataViews 
view files and builds a definition file 
to be used by the Spectra synthesis 
utility. 


CREATING A VIEW FILE 


A DataViews view file contains 
two essential parts: a list of graphi- 
cal objects and a list of data objects. 
The first step in creating a view file 
to represent a virtual device is to 
specify the data objects. This step 
has two parts—creating a data 
source and specifying the record for- 
mat for that data source. DVserver 
recognizes DataViews memory data 
sources named “portname.socket”’ 
to be logio data ports named “port- 
name.” The data type specifications 
must match those of the process that 
will write data to this port. 

Graphical objects may have at- 
tached dynamics that are driven by 
data objects. When a view is “played 
back” in a DVtools display execu- 
tive, such as DVserver, data objects 
are updated, and then graphical ob- 
jects whose values have changed are 
redrawn. Details of how the data ob- 
jects are updated and how graphical 
objects can be used to send data are 
built into the model of the display ex- 
ecutive. 

In DVdraw, object names can be 
255 characters long. The DVserver 
display executive recognizes two 
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special names. The first is “QUIT, 
Quit, quit: Terminate the DVserver 
program”. The second is the send 
data command “‘S:portname:value— 
list,” where portname must match a 
logio portname.socket specification 
and value_list is a comma-separat- 
ed list of byte values and/or variable 
names. 

For example, S:keypad:0,127 
sends the byte values 0 and 127 over 
the logio port keypad.socket. And 
S:keypad:10,mode,0 sends the fol- 
lowing values over the keyboard- 
.socket port: byte 10, the mode vart- 
able, and byte 0. 

A special converter program takes 
a DataViews view file as input and 
then outputs a Spectra specification 
file (for example, dvpad.def), which 
can be used by the Spectra synthesis 
tool. Next, the synthesis tool builds a 
“devices.c” file that’s linked with 
dvserver.o to create a new execut- 
able, which is specific to the given 
view file. DVserver does employ the 
same logio device driver structure, 
and virtual instruments and the vir- 
tual target can use the same logio de- 
vice driver code. 

It took 25 hours to configure and 
build the video game’s virtual-instru- 
ments prototype, including develop- 
ment of the DVserver code (see Ta-— 
ble 2). The time needed to configure 
the virtual instruments using exist- 
ing device drivers and/or DVserver 
is negligible. Even with device driver 
development, it takes significantly 
less time to build a virtual-instru- 
ments prototype than to develop a 
traditional I/O simulator. 

The complete debugging and test- 
ing process for the video game in the 
virtual development environment is 
shown in Figure 6. First, the kernel is 
built using the synthesis tool and 
loaded into the virtual target with a 
loading shell. After starting the ker- 
nel, the application program 1s com- 
piled, loaded, and started. 

At this point, a debugger is in- 
voked from the loading shell. To ex- 
amine the get_inputs task, a break- 
point is set and an input is generated 
by moving the cursor to the arrow 
button and clicking. Upon hitting a 
breakpoint, the get_inputs task is 
stopped to allow examination of the 
local variables. 

Proper execution of the scheduler 
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is verified with a timing profiler. The 
profiler library is loaded to the virtu- 
al target and the monitoring process 
is initiated by running a monitoring 
Shell. Captured samples are exam- 
ined using the timing profiler. Any 
anomaly in the task’s behavior 
shows up ina timeline task display. 
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59] SIMPLIFY SYNC 
STRETCH CIRCUIT 


BIAGIO PRESTI 
Aptron Laboratories Inc., P.O. Box 323, Bloomington, IN 47402; (812) 836-4775. 


uring processing, a video 
sync signal will occasional- 
ly become compressed. This 
circuit, essentially made up 
of Q1, Q2, and Q3, comprises a video 
amplifier and sync stretch circuit 
(see the figure). Q4 is an emitter fol- 
lower that interfaces with following 
circuits. 

Q1 sync strips the incoming video 
at a level determined by Ro. The in- 
coming video is amplified and mixed 
with the stripped sync in Q2. Q3 pro- 
vides inversion and video amplitude 
control via R,;. 

It may be appropriate in some cir- 
cuits to provide a degree of high-fre- 
quency equalization through a 
small-value capacitor (C,,), as shown 
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in the figure, depending upon circuit 
layout. 

In the setup, the sync level control 
(R.) and the video level control (R,;) 
are used to set the ratio of sync to the 
video desired. They also set the out- 
put video at 1 V p-p.L 


Sync level 
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Q1, Q2, AND Q3 comprise a simple video amplifier and sync stretch circuit. Transistor 
Q1 sync strips the incoming video, which is amplified and mixed with the stripped sync in Q2. 
Q3 supplies inversion and video amplitude control. 


ASYNCHRONOUS GRAY- 


5 2 2 CODE STATE MACHINE 


GARY PEYROT 
Pioneer-Standard Electronics, 5126 Clareton Drive, Suite 160, Agoura Hills, CA 
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tate diagrams are a simple, 
yet elegant way to model com- 
plex systems, regardless of 
the implementation. Most 
state machines are designed to be 
synchronous. However, there are 
many applications that aren’t well 
suited to a state machine that’s limit- 
ed to changing states on the edge of a 
clock. Such systems may require 
state transitions on both edges of a 
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clock, or match dissimilar interfaces 
where state transitions must occur 
when control signals change levels. 
Asynchronous state machines 
have many advantages of their syn- 
chronous counterparts, but aren’t 
limited to making transitions on a 
clock edge. One very simple state 
machine is the common SR latch. It 
has only two states, and transitions 
are made in direct response to the Set 
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and Reset inputs without a clock. 
More complex systems require some 
precautions. With asynchronous 
transitions, care must be exercised 
to ensure that race conditions don’t 
cause non-deterministic behavior. 
This can be done by encoding the 
states in a Gray code so that only a 
single state bit changes for each 
state transition. If more than one bit 
were to change, then skew would 
cause transitions through undesired 
states, causing glitches, oscillations, 
or unwanted state transitions. This 
precludes using a “one shot” imple- 
mentation more common in FPGAs 
where each state corresponds to one 
storage element, because as one ele- 
ment turns off, the other turns on, 
and decoding glitches would result. 
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1. THIS SIMP LE, ASYNCHRONOUS GRAY-CODE state machine changes only a single state bit for each state transition to 


ensure that race conditions don’t cause non-deterministic behavior. 





An example of a simple, asynchro- 
nous Gray-code state machine is 
shown (Fig. 1). As seen in the timing 
diagram (Fig. 2), the application re- 
quired a Strobe signal (DSTROBE) 
to be generated by transitions of two 
different control signals. The first 
strobe had to be triggered by the DSTROBE 
first falling edge of the DMA Ac- 
knowledge signal (DACK-). All sub- 
sequent strobes had to be triggered 
by the rising edge of the Read En- 
able Not signal (RE-). The state dia- 
gram models this behavior. The Off 
state is necessary because a transi- 
tion directly from Wait to Idle would 
require two bits to change simulta- 
neously. The SO bit changes first in 
going to Off, then S1 changes going 
to Idle. The state storage elements 
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latches impl Iti- 
ae = 7 "se ae ase ae 2. A TIMING DIAGRAM illustrates that the asynchronous Gray-code state machine 
tecture like an Actel FPGA, this cir- required a strobe signal (DSTROBE) to be generated by transitions of two different control 


signals. The first strobe is triggered by the first falling edge of the DACK- signal; all 
subsequent strobes are triggered by the rising edge of the RE- signal. 
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bidirectional precision cur- | transconductance amplifier, or OTA 
rent amplifier can be used | (see the figure). The circuit is ob- 
to increase the output cur- | tained froma simpler design’ by add- 
rent of an operational | ing a complementary stage and two 
EMJE LECTRONIC DESIEN 
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cuit is very efficient.U 

Note: This work was done while Mr. 
Peyrot was a consultant with Three 
Step Development, West Hills, 
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IDEAS FOR DESIGN 


diodes. 

For positive input currents, diode 
D, is forward biased and the upper 
half of the circuit acts as a current 
amplifier for I,,,. D2, which is reverse 
biased and conducts no current, and 
the lower half of the circuit provide 
amplification for negative input cur- 
rents. 

The amplifier’s current gain is 11 
(set by the 0.5% tolerance resistors). 
Thus, the maximum output current 
has a value of 22 mA, if the maximum 
value is chosen for the OTA’s I,g¢. 
Most OTAs require a bias current of 
less than 2 mA. The output offset 
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simple design. 


J mats 


IMP LEMENTING A BIDIRECTIONAL precision current amplifier in an 
operational transconductance amplifier (OTA) can boost the OTA’s output current. To 
accomplish this task, two diodes and a complementary stage are added to this otherwise 


current is less than 150 pA, with the | 


output voltage range being -7 V to 
+7 V. 

The circuit can be used with virtu- 
ally no crossover distortion at fre- 
quencies up to several tens of kilo- 
hertz. Operation at higher frequen- 
cies is limited by the output capaci- 
tance of the OTA.L 


Reference: 


1. Alexandru Ciubotaru, ‘‘D-to-A 
converter current booster,” Elec- 
tronics World + Wireless World, 
Sept. 1991; p. 755. 
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et’s jump right in and con- 
tinue on with the Fuzzy Logic 
laundry list I started in the 
last issue. 

20. F.L. is alleged to be “faster and 
easier to develop.” That’s what the 
F.L. guys like to claim. Again, I still 
don’t really trust them. What would 
you expect them to say? Other engi- 
neers argue that the claimed ease and 
speed are not always there. 

lam notin any position to prove this 
one way or the other, but you had best 
be on your toes, and insist on satisfac- 
tory comparisons. In other words, 
t it any straw men to be per- 

_ petuated. Or per- 
petrated. 

Besides, even 
the proponents of 
I.L. admit that 
sometimes, tuning 
a FLL. system can 
take “hours or 
days of computer 
time....”9 In a simi- 
lar vein, Haubold 











BOB PEASE 


vom Berg!9 cau- 
OBTAINED A tions, “Be careful 
BSEE FROM MIT here, though: Ap- 
IN 1961 ANDIS _ plications for the 
STAFF possible use of 
SCIENTIST AT fuzzy loops have to 
NATIONAL be carefully se- 
SEMICONDUCT- lected, and the de- 
OR CORP., gree of fuzzy con- 
SANTA CLARA, _ trol must be deter- 
CALIF. mined in advance. 


That’s because a 
significant number of loops will not be 
optimized with a low-end fuzzy loop, 
and the instrumentation can be dam- 
aged.” 

Is it just possible that the optimiza- 
tion of F\L. controllers should not be 
left to the judgment of a technician 
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with 15 minutes of training? Refer to 
the next paragraph.... 

21. F.L. guys claim that you do not 
have to be an expert to apply F.L. In 
fact, some of them say that any good 
technician can be taught in a few 
minutes to be an expert on Fuzzy- 
Logic controllers, replacing engi- 
neers with many months and years 
of schooling and experience.!! Sure, 
they can say that any time, but I 
don’t have to believe it. I am cer- 
tainly not going to take this techni- 
cian and set him in charge of my 
Nuclear Reactors. (Did they use 
Fuzzy Logic at Chernobyl?) (That’s 
supposed to be a joke....) 

22. F.L. guys claim that it is easy 
to put in the correct F.L. coeffi- 
cients. If a ferry boat is heading 
for the dock, all you have to say 
is, “If velocity = (medium) and dis- 
tance = (medium), then keep nega- 
tive RPMs = (medium) to maintain 
the necessary deceleration.” 

Conversely, if an expert wants to 
set up a conventional control system, 
he has to know that the number of 
RPMs must be K x (1 + V-(2ax)!2), 
where K = -860 rpm, with all parame- 
ters expressed in (feet) and (seconds). 
He has to be smart enough to know 
that K = -860, and not +860, or —86, 
—0).086, or —0.00086, or —460. But to 
make F.L. work, all you have to know 
is, to say “medium.” 

Well, don’t look now, but if the con- 
ventional guy guesses wrong, at K = 
—86, and the ferry boat winds up 
perched on the dock, the FLL. guy can 
certainly make the same error, and 
HIS ferry boat will wind up on the 
dock, too. Hey, a factor of 10 error in 
either case will bring you to that same 
result. Fuzzy Logic computers are 
NOT clairvoyant. If you tell them to 


NOVEMBER 11, 1993 





do the wrong thing, they will not just 
“do the right thing,” they will do what 
you tell them. Magic is not an appro- 
priate element to invoke, nor to de- 
pend on.... 

23. It is sometimes claimed that 
I.L. can “learn” how to get the right 
answer—this is supposed to be a big 
advantage. However, Fuzzy Logic 
by itself cannot “learn” anything. If 
you want to get the F.L. to “learn,” 
you have to use adaptive F.L. (non- 
trivial) or use Neural Networks. The 
knowledgeable guys with NeuFuz4 
showed me that if you use Neural 
Networks to find a solution, and set 
the Membership Function, and gen- 
erate the rules, these rules may be 
non-heuristic, not at all the same old 
rules, but improved rules with new 
advantages. Sounds impressive. 
Call them for details.12 

Still, if you want to run the F.L. ina 
learning mode, be aware that a FL. 
controller may make a lot of mistakes 
as it learns. Again, this is not the place 
to let loose the F.L. controller on your 
brand-new Nuclear Reactor, or your 
new catalytic cracking plant, or your 
epoxy resin kilns. F.L. controllers can 
be coached to learn a task when you 
have saved up a lot of data on how the 
system runs. It can look at the input 
data and the output data, and figure 
out how to control the plant. BUT only 
if you have that data, for all relevant 
regimes of control. 

If you have a nuclear reactor, and if 
you had a Fuzzy controller for all nor- 
mal operating modes, you would NOT 
use F.L. to control the system in the 
case of a breakdown, emergency, 
blow-up, melt-down, loss of pressure, 
thermal run-away, or any other non- 
standard mode, because F\L. only 
works well when you have run your 
system in that mode, and have a lot of 
data on that mode. You don’t want to 
engineer your control of emergencies 
that way. 

24. Further, it is claimed that F\L. 
can adapt to changing systems—as if 
conventional controllers could not. 
But conventional controllers can oper- 
ate with adaptive coefficients. You can 
take a conventional PID (Propor- 
tional-Integral-Derivative) control- 
ler, and add on adaptive or self-tuning 
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procedures. If you know the Control 
System Industry, you would know 
that. If you didn’t know that, you 
might be willing to give F.L. some 
credit for miraculous advantages, 
which are not new advantages at all. 

25. Remember the old saying, “To a 
man with a hammer, everything looks 
like a nail.” Well, if a person knows 
how to apply Fuzzy Logic, and he 
doesn’t know any other way to do it, I 
should not tell him that he cannot do 
the task. However, he has no right to 
tell me that is the only way, or the best 
way, just because it is the only way he 
knows... 

26. F.L. has been stated! to be quite 
good at controlling the same kind of 
systems that people can, but with 
faster sampling, fewer mistakes, and 
more features. Anything you can do, 
slow as you are, a computer can do a 
little faster, better, and more consis- 
tently. Okay, that’s not a silly state- 
ment: Anything I can do, that gets 
boring and repetitive, such as, start- 
ing and stopping a subway train 
smoothly and precisely, time after 
time, may be a good candidate for F.L. 
As far as Iam concerned, that is argu- 
ably the best thing we can say about 
Fuzzy Logic. 

27. Now, where are the cases where 
F’.L. really is not suitable to do a 
good job? I suspect there are cases 
where the F.L. computing speed is 
not adequate, and maybe even a fast 
analog controller is necessary. Also, 
cases where timing, counting, inte- 
grating, and differentiating are re- 
quired are not feasible unless you 
combine some F.L. and some conven- 
tional logic. 

While we hate to be negative, it is 
important to be honest, because if 
there really are tasks that F.L. cannot 
do, we don’t want to waste people’s 
time on them. I think that F.L. people 
ought to make known, and publicize, 
cases where FL. is really unsuit- 
able, and, if possible, the reasons 
why. This is for the good of their 
industry. 

28. Also, several people sent in re- 
minders, that if you have a conven- 
tional controller, and it is working OK, 
there is usually not any advantage to 
throwing it out and replacing with a 
F.L. controller, despite all the HYPE 


ME LECTRONIC 


to the contrary. Any case where F.L. 
is Shown to provide a WONDERFUL 
advantage over a conventional control 
system, is either a case where the con- 
ventional controller was not at all op- 
timized, or, the system was nonlinear 
so the conventional controller could 
not do well. 

Lastly, let’s look at a couple of spe- 
cific examples about Fuzzy Logic. 

29. By the way, nobody yet has rec- 
ollected where the original magazine 
article was, that said that a Fuzzy 
Logic Controller could control a sub- 
way train smoothly, but a “conven- 
tional” digital controller would jerk, 
jerk, jerk, jerk... Does anybody recall 
seeing that—can you tell me where 
that was published? I did a search, but 
nothing turned up.... 

30. On American Public Radio,!4 
Daniel McNeill stated that the new 
1993 Saturn has an improved auto- 
matic transmission, so that on steep 
upgrades, it uses F\L. to cut out surg- 
ing, “hunting,” and excessive shifting 
up and down. 

WELL, the Saturn’s transmission 
has been improved, and it does use 
Fuzzy Logic to provide automatic 
downshifts on downhills. But the 
transmission does NOT use FL. to 
avoid “hunting” on upgrades.!5It uses 
conventional hysteresis. Fuzzy Logic 
is NOT needed to do that, and is NOT 
used for that. 

31. Also, I have always been skepti- 
cal that F.L. can make a subway train 
run much more smoothly than a good 
conventional controller. In a recent 
magazine,!6 Bart Kosko admits that 
the conventional train control system 
that was compared to Hitachi’s F.L. 
controller, in Sendai, Japan, was 
pretty crude and jerky. “Conventional 
controllers start or stop a train by 
reacting to position markers that 
show how far the vehicle is from a 
station... the automated controller will 
apply the same brake pressure when 
a train is, say, 100 meters from a sta- 
tion, even if the train is going uphill or 
downhill.” 

Well, ifthe best competing “conven- 
tional” control system was so shoddily 
engineered, and was not intelligent 
enough, not adaptive enough, to apply 
the brakes differently, if the train was 
going fast or slow, uphill or down, 
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empty or fully loaded, then of course 
the Fuzzy Logic system deserved to 
win, but only by default, not by inher- 
ent superiority. If nobody had the 
sense to move the “apply brakes” 
markers 130 meters out, on a down- 
hill, or 80 meters out, on an upgrade, 
then we are talking about relative lev- 
els of stupidity. 

And Kosko observes, on the con- 
ventional controller, “because the con- 
trollers are rigidly programmed, the 
ride may be jerky...” Well, of course, a 
F.L. system can show advantages 
when compared to a system as crude 
as that, if nobody programmed the 
acceleration to feather off, to avoid 
dv2/dt2 = da/dt = “jerk.” Also, I heard 
statements that during quiet times 
when human operators drive the 
trains to keep in practice, riders can 
tell this because the acceleration is not 
as smooth. 

Well, of course the planners re- 
served the smoothest modes for the 
Fuzzy Logic system, and left the op- 
erator-controlled system lurchy, so it 
could not be as smooth. What would 
you expect? So much for the Old 
Straw Man business. 

32. Also, some F.L. experts are still 
claiming that F.\L. has some real inher- 
ent superiority over conventional 
(digital) controllers, because F.L. can 
represent a range of signals, whereas 
a conventional digital control system 
can only correspond to one ONE, or 
one ZERO.!7 

They still seem to be good at pre- 
tending that computers have only 
one bit—that computers do not have 
8 (or more) bits in each digital word. 
Perhaps they try to perpetrate this 
story by pretending that Fuzzy Con- 
trollers work with miraculous 
awareness of the surrounding world, 
and do not depend on the same sen- 
sors and the same analog-to-digital 
converters that conventional digital 
controllers use. 

If more people were aware that 
Fuzzy Controllers and Digital Con- 
trollers used the exact same input sig- 
nals, the Fuzzy systems might seem 
less fantastic and revolutionary and 
amazing. 

33. Even recently I heard of a sys- 
tem where F.\L. engineers made a 
demonstration system to control the 


DES IGN 








WE HAVE A VERY SERIOUS IMAGE PROBLEM. 
TOO MANY OF YOU KNOW WHO WE ARE. 






Recently, people like yourself were asked 
to list the ASIC vendors they know of, and then 
jot down a few things about them. 

In somewhat of a surprise, one company 
was mentioned just about as often as its consid- 
erably larger competition. 

Little old AMI. 

However, every silver lining has a cloud. 
Because “little and old,” it turns out, is precisely 
how many of you described us. 

And because of that, 
a step behind. 
Now, “little” we can take. 
(After all, we’re by no means 
the biggest 
ASIC vendor.) 
And “old,” 
well, in 
an industry 
where corpor- 
ate life spans 
are common- 
ly measured 
in terms of 
months, 
AMI’s 27 years 
can seem, well, 
rather antiquated. 

But a step behind! 

Now that’s an image problem we're going 
to take issue with right here and now. 

Fact is our 0.8 micron technology is about 
the fastest you'll find, and it’s characterized all 
the way down to 2.5 volts. What’s more, we 
build digital gate arrays and standard cell ICs 


Though we're a long way 
Jrom the Silicon Valley, 
blueprints for our digital 
and mixed-signal ASICs 
are readily available. 
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We’re one of the 
Sew companies to 
round up one library 
JSor both gate arrays 
and standard cell ICs. 





that are without equal, 
and we’re one of the 
few companies that 
conveniently features 

one library for both. 

In addition to digital ASICs, 

AMI also carries mixed-signal ASICs and standard 
products, plus our very own software for FPGA 
to ASIC conversion and mixed-signal design. 

And finally, thanks to the services we offer 
and the uniquely personal way we do business, 
this “old-growth ASIC vendor,” as one of you 
so kindly put it, has the most loyal customers 
in the industry. 

Now we understand that all this may come 
as a big surprise. So to help you over your shock, 
we've prepared some 
materials just loaded with 
information on AMI. 

The real AMI. 

To learn more, 
give us a call at 
(208) 234-6789. 


We're counting 

on our 0.8 micron 
ASIC process to leave 
a lasting impression. 
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height of a ping-pong ball above a 
stream of air. The F.L. system was 
claimed to have taken only 15 days to 
develop, vs. 30 days for the “conven- 
tional” PID controller, which gave in- 
ferior results. 

So, it sounds as if F.L. excelled ina 
fair test... But, when you think about 
it, this is obviously a very nonlinear 
system. Of course it is not surprising 
that a linear conventional controller 
does poorly, trying to handle a non- 
linear problem. Of course, a well-de- 
signed F\L. controller can do a better 
job accommodating this kind of non- 
linear problem. 

The Fuzzy-Logic controller was ob- 
viously showcased—set up to look 
good. But showing that a conven- 
tional controller could not do well de- 
spite “30 days of development effort,” 
shows how much work these people 
were willing to put into setting up 
their Straw Man!! 

34. So we still see plenty of places 
where F.L. promoters have engaged 
in HYPE, and we have probably not 
seen the last of it. But if we protest to 
the editors, and refuse to accept 
stonewalling, we can force editors to 
pay some attention to truth and hon- 
esty. For example, in the IEEE Con- 
trol Society,18 several people wrote in 
to the Editors, to protest about mis- 
leading claims about Fuzzy Logic. 
Maybe the Fuzzy Logic Industry 
needs an Anti-Hype Committee, to 
rap the knuckles of people who make 
preposterous claims? 

35. Conversely, I have seen a few 
examples where F.L. is proposed to 
offer modest advantages, perhaps 1 or 
2 dB.19 Advantages like that are much 
more likely to be true and to be be- 
lieved. I think it is great if FLL. can 
compete with the best existing sys- 
tems and show advantages. If F\L. 
shows advantages when competing 
with obsolete systems, that should be 
admitted. 

36. Several people pointed out that 
there are a lot of engineers and scien- 
tists working with Fuzzy Logic, and 
just a small fraction of them generate 
most of the hype. So I want to apolo- 
gize to anybody who has been of- 
fended by my broad accusations: if 
you ain’t guilty, then I wasn’t talking 
about you. 
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37. At a recent Fuzzy Logic Con- 
vention, several people said, “I hope 
we don’t see any more demonstrations 
with the Inverted Pendulum, because 
it’s boring and not very relevant.” 
Well, I.L. people are still bragging 
about their advantages in stabilizing 
the Inverted Pendulums—Single, 
Double, and Triple. Maybe if they 
don’t want to hear any more about it, 
maybe that is exactly why I should do 
it, without Fuzzy Logic, as a counter- 
example’... 

38. At that Fuzzy Logic. Conven- 
tion, it was suggested (by several peo- 
ple, not just RAP), that maybe a new 
name should be developed for F.L., to 
take away the stigma and the nega- 
tive connotations. 

Maybe there should be a contest for 
the best name for F.\L. [ll chip in 
$10.00 for prizes, for the best new 
name. But in Japan, F.L. is not called 
by the name ai-mai, which means 
“fuzzy;” it is called, “Fa-Zhi.” Maybe 
American promoters can figure out 
how to promote “ai-mai logic?” 

39. In this vein, I talked to a smart 
engineer who has been earning his 
living, designing systems using FL. 
His designs have been successful, and 
his clients have been delighted. So 
why can’t he show me a good F.L. 
example? Because most of his recent 
clients have forbidden him to talk 
about his designs. Half of them were 
concerned that their competitors 
would find out how well the Fuzzy 
Logic worked—and the other half 
were scared that their customers 
would find out they were using Fuzzy 
Logic. Besides, he’s too busy to show 
demos... 

40). I do not think this is the last 
word on Fuzzy Logic, but I think we 
have at least raised the right ques- 
tions. The answers will not come eas- 
ily, because some of these people do 
not have much incentive to answer 
questions clearly. 

But here’s the situation as I see it. 
If we stick to our guns, then maybe we 
can instill enough honesty that people 
will be able to see where Fuzzy Logic 
really is appropriate. 

Then, hopefully, they'll start to use it 
mainly for just those applications. And 
we really could use some concrete ex- 
amples of where Fuzzy Logic is really 
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good, and where it is not good. I’m 
still waiting, and so are the readers 
of this column. We'll be interested to 
hear your stories and letters. 


All for now. / Comments invited! 
RAP / Robert A. Pease / Engineer 


Address: 

Mail Stop D2597A (note change!) 
National Semiconductor 

P.O. Box 58090 

Santa Clara, CA 95052-8090 
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You've heard it all before. Integrated EDA tools 
that magically give you finished back end design. 
True performance-driven layouts with your eyes 
closed. Complex submicron ASICs out the door 
in no time flat. 

Dig a little deeper and you'll find that most of 
these claims simply won't stand up in court. And 
after paying a high price in multiple iterations, NRE 
and scrambled schedules, you'll be ready to swear 
an oath of your own. 

Here’ the whole truth and nothing but the truth: 
Only Epoch” gives you true High Level Physical 
Design.’ It’s a unique, standards based system that’s 
having the same impact on back end design that 
synthesis is having on the front end. It fully supports 
VHDL and Verilog, and it’s compatible with other 
popular design environments. 

Epoch is a seamless, completely automated solu- 
tion. As you work top down, it produces bottom-up 
physical design. With all the performance and 
accuracy you need, even for complex layouts below 
.) micron. And about ten times faster than anything 
you've seen before. Just think about what that can 
do to your time-to-market (or maybe even your 
next review). 
~ Now df youre still a little skeptical, we understand. 
All we ask is a chance to present our case. Call us 


at 800-258-8574 (Department M4) for a brochure. 
Then you can judge for yourself. 
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What’s the story on Toshiba? System solutions. 

It’s true. Nobody can add more value to your 
system more ways than Toshiba. From 32-bit RISC 
processors and design-defining ASICs to optimally- 
featured microcon- 
trollers, right 


down to multi-layer 














essential market differentiation. Then our visible laser 
diodes and photo interrupters can make light of it all. 

In an era of ever closer partnerships, our broad, broad 
line of semiconductors and ICs and our finely-honed 
system sensibilities 
give us a competitive 


advantage. More 





PCBs, we're Pseudo SRAM Visible Laser Mask ROM ASIC importantly, 
; eee Board 10de : 
definitely thinking he they give you a 
“big picture” when competitive 
we look at your advantage. By 
system plans. ee Memory Cards DRAM Module RISC DRAM helping you keep 
Let us prove Bi ib ef a lid on costs and 


the point using an up-to-date laser printer as just one 
example. You'll put our wide selection of DRAM densities 
and organizations to good use as main memory and 
soup-up performance using our SRAMs as buffer memory. 
We've got the MROM you need for code storage. And 


memory cards for fonts, buffers and custom options. 


ersion of ‘Toshiba's system-smart story. 





We can provide the printed circuit board, too, along 
with a RISC-based CPU and microcontrollers for the print 
engine motor, glued together with our CMOS logic. Our 
finely-architected 250ps ASICs with up to 500,000 usable 


gates, provide a higher level of functional integration for 


get to market sooner. And when success arrives, 
Toshiba’s legendary manufacturing prowess assures 
you uninterrupted supply. 

Of course, your system’s quality is only as good as 
the sum of its parts. So we take great measures to assure 
the highest quality components on the market today. 
We're proud of our ISO 
9000 certification in Japan 
and expect certification 
in the U.S. by year end. 
And we top it all off with an unrivaled customer story. 

End of story? No, that’s just the beginning. Call 
us today for all the ways we can make your next design a 
little more elegant, a little more effective and a lot more 


competitive. 1-800-879-4963. 


In Touch with Tomorrow 


TOSHIBA 


TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 


Circle 220 "Please Call Me' 


©1993 Toshiba America Electronic Components, Inc. 
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INTRODUCING MICRO-CAP IV. 


MORE SPICE. MORE SPEED. 
MORE CIRCUIT. 


PC-based circuit analysis just became faster. 
More powerful. And a lot easier. Because 
MICRO-CAP IV is here. And it continues a 


12-year tradition of setting CAE price/ 
performance standards. 


Put our 386/486 MICRO-CAP IV to work, 
and you'll quickly streamline circuit creation, 
simulation and edit-simulate cycles — on circuits as large as 











from SPICE 26.6 models plus extensions. Compre- 
hensive analog behavioral modeling capabilities. 

A massive model library. Instant feedback plotting 
from real-time waveform displays. Direct schematic 
waveform probing. Support for both Super and 
Extended VGA. 


AC Analysis And the best is still less. At $2495, MICRO-CAP 


outperforms comparable PC-based analog simulators — even 


10,000 nodes. In fact, even our 286 version delivers a quantum — those $5000+ packages —with power to spare. Further, it’s 


leap upward in speed. Because, for one thing, MICRO-CAP IV 
ends SPICE-file-related slowdowns; it reads, writes and 
analyzes SPICE text files and MC4 schematic files. It also 
features fully integrated schematic and text editors. Plus an 
interactive graphical interface — windows, pull-down menus, 
mouse support, on-line HELP and documentation — that 


boosts speed even higher. 


Now sample MICRO-CAP IV power. It comes, for example, 


CIRCLE 283 FOR U.S. RESPONSE 


available for Macintosh as well as for IBM PCs. Write or call 
for a brochure and demo disk. And experience firsthand 
added SPICE and higher speed — on larger circuits. 


1021 S. Wolfe Road 
Sunnyvale, CA 94086 
(408) 738-4387 FAX (408) 738-4702 
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MARKET FACTS 


ales of data-acquisition systems and software will more 
than double worldwide, increasing from $868 million last 
year to hit $1.8 billion in 1999, according to Frost & Sulli- 
van Market Intelligence. The Mountain View, Calif., mar- 
ket researchers forecast that the plug-in boards will increase their 
market share from 79% of revenues to 82% by the end of the decade. 
Software will increase slightly, going from 8% to 9% of revenues. 

PC-based data acquisition is making inroads in traditional data- 
logger and remote front-end markets. Plug-in boards are getting 
smaller, as are data-loggers, which are becoming more portable. As 
with most electronic equipment, boards are being developed that have 
increasing throughput and sampling speeds, as well as more intelli- 
gence in remote front-end units. Makers of plug-in boards are offering 
purchasers such incentives as free software drivers. 

Competition will likely grow fiercer in this segment, say the re- 
searchers, with an industry shakeout probable in the general, rather 
than application-specific, market. The PC-based market is seeing new 
applications—agriculture, environmental monitoring, and atmospher- 
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Revenues 
($ million) 


Units in 

thousands 
1992 
1993 
1994 
1995 
1996 
1997 


609.9 
682.5 
768.8 
869.5 
990.3 
1,122.2 


868.1 
943.6 
1,035.0. 
1,146.4 
1,281.1 
1,439.5 
1998 1,260.0 1,612.2 
1999 1,391.5 1,792.1 
Compound annual growth rate (1992-1999) =10.9% | 





ic data-gathering—along with industrial process control. Constrain- 
ing application development are problems with product flexibility and 
ease of configuration, the researchers say. 
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ngineers are always searching for overlooked unique ideas 

and applications. In investing, engineers searching for 

higher yields may meet their investment goals with pre- 

ferred stock. Businesses long have thought of preferred 
stock as one of their top investment choices. Now, individual engineers 
are discovering that there is a place in their portfolios for a security 
that offers quarterly fixed dividend payments; higher 
current yields relative to dividends from common 
stock and many bonds; high credit quality; low mini- 
mum investment— usually priced at $25, $50, or $100 
per share, and liquidity—most are traded on major 
stock exchanges. 

Preferred stock is an equity security, represent- 
ing shares in the ownership of a publicly held corpo- 
ration, yet it also has many characteristics of bonds. 
While represented as an equity security on the com- 
pany’s balance sheet, most domestic preferred stock 
issues pay fixed dividend amounts in much the same 
way that traditional bonds pay fixed rates of inter- 
est. Utilities, banks, and other financial institutions, 
as well as many blue-chip industrial companies, is- 
sue preferred stock in order to raise capital. 

Preferred stock is less risky than common stock. If the company 
fails, preferreds have priority over common stock in the payment of 
dividends and in the distribution of assets. Although the rights of the 
holders of preferred stock are superior to those of common stockhold- 
ers, they are subordinate to those of bond holders. Engineers have a 





choice of investing in several types of preferred stock: 

Cumulative preferred: Stockholders have the right to missed div- 
idends. If the company has a poor quarter and chooses not to pay a 
first-quarter dividend, cumulative preferred holders would receive 
their first quarter dividend at a future date. 

Straight preferred: Dividends are fixed for the life of the security. 
Missed dividends are not paid later. 

Participating preferred: Shareholders have the 
right to earnings beyond the stated dividend. 
Convertible preferred: Holders may swap this 
preferred stock for a predetermined number of com- 
mon stock. Because the number of convertible shares 
is fixed, prices generally fluctuate more. 
Adjustable rate preferred: Dividends are reset 
each quarter. Adjustments are subject to minimum 
and maximum limits (“collars”). This market is 
more limited and less liquid. 

Foreign preferred: Foreign entities issue Ameri- 
can Depositary Shares (ADS) and preference shares, 
denominated in U.S. dollars. Offering higher rates 
than domestic preferreds, many supply a 15% to 20% 
tax credit on part of the dividend. 

To find out if preferred stocks fit your portfolio, send a copy of your 
statements, spreadsheets, or letter with questions to: Henry Wiesel, 
Smith Barney Shearson, 1040 Broad Street, Shrewsbury, NJ 07702 or 
call (800) 631-2221. Wiesel is a financial consultant and qualified 
pension coordinator with Smith Barney Shearson. 
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Slash your per unit cost on FPGA For more information on converting your 
FPGAs and gate arrays with no NRE contact 


and gate arrays. . Encore! Technical Sales. (800) 331-4617. In 
Whether you’re converting your FPGA designs California (800) 647-0222. Phone (408) 744- 
into affordable ICs, or looking for a second 1800. FAX: (408) 747-1263 


source for your gate arrays, Encore! is a 
surprisingly affordable answer. 

In only a few weeks, Orbit turns your netlists 
into prototypes and production quantities. So 
you can cut your per-unit cost very quickly. Or 
quickly find an alternate source for production 
of your gate arrays. 
¢ Convert FPGA netlists 
¢ Convert gate array netlists for alternate source 
¢ Get prototypes in as little as three weeks 
¢ Get your choice of packaging options 





¢ Move quickly into full-scale production Second Source, First in Service — 
CIRCLE 153 FOR U.S. RESPONSE 
Altera, Xilinx, Actel, VLSI Technology, LS! Logic, NCR, AMI, Toshiba and AMD Mach are registered trademarks of their respective companies. CIRCLE 154 FOR RESPONSE OUTSIDE THE US. 
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O NRE lets you convert small : NRE - just fast paybacks = 
ag: e Cut your per-unit Cost on runs as low as 
uantities — even as low as chips 
100 chips. ¢ Call Orbit for an easy economic analysis 


No NRE means converting FPGAs can make 
economic sense at quantities under 100 chips. 
And with our fast-turnarounds on prototypes 
and production quantities, you can start cutting 
your per-unit cost immediately. 

Gate array users can also affordably meet a 
sudden demand for product by quickly — and 
inexpensively — developing an alternate 


production source. 
With Encore! 











A wide range of packages are available to Encore! users. 
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per-unit cost 

on quantities 
as low as 

100 pieces? 





C Programming Hands-on Work- 
shop, Advanced C Programming: 
Techniques and Data Structures, 
and C+ + Hands-on Object-Ori- 
ented Programming are among the courses 
that will be held by the Learning Tree in 
various U. S. cities through the fall/winter. 
For further information or to register, con- 
tact the Learning Group International, 1805 
Library St, Reston, VA 22090-9919; (703) 709- 
9019; fax -6405; West Coast: (310) 417-8888; 
fax 410-1320. CIRCLE 460 





he 1994 International Reliability 
and Maintainability Symposium 
will include workshops of joint ap- 
plication design, application of 
fuzzy logic, concurrent engineering, CAE 
tools, and test and evaluation. it will take 
place January 24-27, 1994 in the Anaheim 
(Calif.) Marriott Hotel. For information on 
exhibiting, contact Scien-Tech Associates, 
P. O. Box 3048, Sarasota, FL 34230-3048; (813) 
305-5207; fax (813) 953-3175. To register, con- 
tact Joel Magnus, P. 0. Box 765, Camden, NJ 
08101; (609) 338-2442. CIRCLE 461 





he course, Design for Manufacture 
of Hybrid Circuits for Microwave 
and High-Speed Applications, will 
be offered jointly by the Univer- 
sity of Wisconsin and Rutgers University Jan. 
12-14, 1994 and Feb. 16-18, 1994. The course 
concentrates on the practical design of hybrid 
microcircuits and multichip modules. Design 
principles in the manufacturing environment 
are emphasized. The January course is of- 
fered in Madison, Wis, and the February 
course in New Brunswick, N. J. 

For further information or to register, con- 
tact Harold Green, Department of Engineer- 
ing Professional Development, University of 
Wisconsin—Madison, 432 North Lake St, 
Madison, WI 53706 (800) 462-0876; fax (608) 
263-3160. CIRCLE 462 





ntermec Corp.'s independent users 
group will host a technical work- 
shop on automated data collection 
at the Sheraton Harbor Island in 
San Diego Jan. 9-13, 1994. Attendees will par- 
ticipate in hands-on training in planning, in- 
stalling, and managing hardwired and wire- 
less bar code data communications. The four- 
day training event is $695. Contact Kimberly 
Lombard, Intermec Corp., 6001 36th Avenue 
W., P.O. Box 4280, Everett, Washington 
98203-9280. CIRCLE 463 
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eopardy Detector reveals data jeopardy periods created by the SmartDrive cache 
by monitoring DOS for situations where the File Allocation Table (FAT) and 
directory entries don't agree. If an application program crashes or the PC is 
rebooted, cross-linked files and data loss may occur if the PC continues to be used. 
A JPRDY.ZIP file has the Jeopardy Detection program and papers on cache writing techniques 
on Compuserve from LIB 14 of PCVENA. Users unable to download the file can order a disk 
from PC-Kwik for $6.50 shipping and handling by calling (503) 644-5644; fax (508) 646-8267. 
Contact PC-Kwik, 15100 SW Koll Parkway, Beaverton, OR 97006-6026. CIRCLE 464 
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Perspectives on Time-to-Market , 





BY RON KMETOVICZ 
President, Time to Market Associates Inc. 
P. 0. Box 443, 100 Prickly Pear Rd., Verdi, NV 89439; (408) 446-4458; fax (408) 253-6085 









his column assembles information from three prior col- 
umns into a structure that graphically and algebraically 
links staffing to the cost of lateness. 

In the last issue the relationship between delay in market entry, d, and he 
staffing ratio, S, was established. It is shown below: 

d-ri_ s/s | 

The staffing ratio ranges in value from 0 to 1. A value of 1 means that full staff is splie 
to get the product to market with no delay. 

The August 5th issue supplied the insights on how the equation below was developed. 

Profit lost/profit on-time -[w (3d + b-a)-d(d + b)\/[w Qw-a)] 
This equation was derived for highly competitive business environments. Accordingly, 

“w_ represents the market window; ‘d”’ the delay in entering the market; ‘a’ the rise- time 
to and fall-time from ma- 
ture on-time sales; and b 
the rise-time to and the fall- 
time from late entry mature 
sales. Substitution of values 
leads to the computation of 
the cost of lateness. The 
graphic link between the 
two equation was printed in 
the September 30th issue 
and is repeated here. 

This collection of infor- 
mation makes it possible to 
compute the cost of delay as a function of new product development staffing pick the use 
of the equations that are supplied. From a procedural perspective, determine the value of 

“S$” and the value of “r’ the on-time development time. Use these values to compute ‘d. 
With “d’ known, substitute its value along with the values of “w’, ‘a’, and “b’” into the 
second equation to compute lost profits, or the cost of delay. 

I recommend working with a single numeric scenario to develop some skill in using the 
equations and the model. Once past this point, it is often times instructive to work with nu- 
merical values that span a range of possibilities. I encourage new product developers to en- 
ter this model into a hand-held computation device. As staffing and timing scenarios 
present themselves, you can use the model to help guide a highly leveraged new product 
development decision. 


More information on this topic is contained in New Product Dovelonmene ees and Anal- 
ysis, which can be obtained by calling Time to Market Associates. 
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icrosoft Windows NT Step by Step is a book-and-disk self-paced course on using 
Windows NT commands and features from Microsoft Press. In 30- to 45-minute 
lessons, readers learn to manage disks, directories and files in NT; share re- 
sources on a network; use Mail and Schedule+; and work with applications. Ap- 
pendixes show how to install the operating system and protect data with built-in security 
measures. Developed with Catapult Inc. a Bellevue, Wash.- based, software training company, 
the courseware has an index and glossary. Windows NT is required; the course includes a 720- 
kbyte 3.5-in. disk. Contact Microsoft Inc. 1 Microsoft Way, Redmond, WA 98052-6399; (800) 677- 
7377 or (206) 882-8080. CIRCLE 465 
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he question this time around is: why does all this matter? Skunk works, creating 
products, and changing the world—or industry at least—is hard work. Why 
should we bother? And is it worth the effort? The answer starts in a white paper 
by a MITI working group titled “Japan’s Vision for the decade: 1990s. Japan 
seeks high value jobs for its workers. After exhaustive thought, the group postulated four 
criteria to target key industries: 1) high value added, 2) high growth, 3) high elasticity of 
demand, and 4) industries with high complementary leverage. 

Seven industries meet these criteria. All are knowl- 
edge-based. All include a major manufacturing compo- 
nent: microelectronics, biotechnology, general avia- 
tion, materials science, telecommunications, ma- 
chine tools and robots, and, finally, computers and 
software. Cold war has shifted to economic war, and 
these key industries will be the battleground. 

The Japanese believe that those who control these 
industries will control world wealth and power in the 
90s. The Germans went through a similar planning exer- 
cise. Guess what? They came up with similar criteria and 
the same list. 





“While the war metaphor may be troubling, it is not 
inapt. The war jeopardizes our standard of living, jobs, 
livelihoods, and self-esteem both individually and nationally.’ 

Marv Patterson, Hewlett Packard, 1993 


“It is much harder to nullify the results of an economic conquest than those of a military 
conquest. 
Korekiyo Takahashi, 1936 


Global business is no longer a game. The success that you and your employers have in the 
marketplace will decide things more sacred than quarterly earnings or paychecks. It's war 
and our side is losing. 

Unfortunately, as a nation we mostly don't know we are at war. We are not well equipped 
to fight if we did. Our national policy says that it doesn't matter if we build things or what 
we build. Our media reports simplistic events, not complex structural decline. Our govern- 
ment is inept at trade matters, and many officials take payment from foreign lobbyists. Our 
companies are mostly obsolete and whole industries are gone or hollowed out. 

Did you ever consider how futile it is to balance trade by treaty, when the real problem is 
that we don’t build products? At best this results in foreign-owned assembly plants and 
more exports of raw materials, not in family wage jobs. 

These things will change. Our core asset is a base of trained developers of innovative 
technology-based products, and that is still intact. It’s you, dear readers. Skunk works will 
be weapons shops for winning this trade war, and you will work there. I wish you the best 


John D. Trudel lectures and provides business development consulting. Trudel is founder 
and director of The Trudel Group, 52001 Columbia River Hwy. Scappoose, OR 97056; (503) 
690-3300; fax (503) 543-6361; e-mail address: JohnTrudel @ aol.com. He is the author of High 
Tech with Low Risk. To order, phone (503) 280-8547. 
















What are the best-selling electron- 
ics and computer science books in 
Silicon Valley? 

ELECTRONICS 


EM Art of Electronics, 2nd ed. by 
Paul Horowitz and Winfield Hill. 
Cambridge University Press, 1990. 
$99.95. 

FR Art of Electronics Student Man- 
ual by Paul Horowitz. Cambridge 
University Press, 1992. $27.95. 

EW Basic Electronics, 7th ed. by Ber- 
nard Grob. Glencoe, 1992. $47.95. 

EG JPEG Still Image Data Com- 
pression by William Pennebaker. 
Van Nostrand Rinehold, 1992. 
$59.95. 

ER Antenna Engineering Hand- 
book, 3rd ed., by Richard Johnson. 
McGraw-Hill, 1993. $119.50. 

EH TCP/IP Network Administra- 
tion by Craig Hunt. O’ Reilly & Asso- 
ciates, 1992. $29.95. 

FA Object Oriented Technology: A 
Manager’s Guide by David Taylor. 
Addison-Wesley, 1991. $20.50. 

EW Object Oriented Design with Ap- 
plications by Grady Booch. Addi- 
son-Wesley, 1992. $48.50. 

EW Testing Computer Software, 2nd 
ed., by Cem Kaner. Van Nostrand 
Reinhold, 1993. $29.95. 

EE Code Complete by Steve McCon- 
nel. Microsoft Press, 1992. $35. 

This list is compiled for Electronic 
Design by Stacey’s Bookstore, 219 
University Ave., Palo Alto, CA 
94301; (415) 326-0681; fax -0693. 
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he Malaysia manufacturing facili- 
ty of Fujitsu Microelectronics 
Inc.’s Electronic Components Div. 
has been certified to ISO 9002 for 
the manufacture of electromagnetic relays, 
connectors, and computer keyboards. The 
company has its headquarters at 3545 North 
First St, San Jose, CA 95134; (800) 642-7616 or 
(408) 922-9000; fax 428-0640. CIRCLE 466 


moco’s high performance poly- 
mer production facilities have 
been certified to ISO 9002. The 
certification is for the company s 
Marietta, Ohio plant, which manufactures sul- 
fone-based polymers. The company has its 
headquarters at 4500 McGinnis Ferry Rd., Al- 
pharetta, GA 30202. CIRCLE 467 
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B BEST DESIGNS EVEN BETTER 





| Sensing. Power and Signal Conditioning Cire. 4a for 


For over thirty years Allegro has been an IC supplier of 
choice for automotive manufacturers and sub-system 
_ suppliers worldwide. Allegro seeks to create value-added 


solutions for its automotive customers via merged- 
technologies. Extensive R&D resources are dedicated to the 
development and enhancement of automotive-specific 






SUSPENSION 
Mixed Signal ASICs for Airbag 


Sensors 


Load Drivers 


INSTRUMENTATION 


®@ Fully-Protected Power IC 
Lamp & Inductive 
Load Drivers 

®@ AM/FM Stereo Decoders & 
Noise Blanker Signal 
Processing ICs 

@ H-Bridge Power ICs for HVAC 
& Gauge Control 

®@ Hall-effect Window Position 
Sensors 

®@ VF/LED Display Drivers 





AIRBAG / ABS / ACTIVE 


Monitoring, Communication and Diagnostics 
Hall-effect Wheel Speed Sensors 
Hall-effect Height Position/ Steering Direction 


Fully-Protected Power IC Lamp and Inductive 


Mixed Signal ASICs for Signal Conditioning 





ficroSystems, Inc. 


Formerly PROG 0 Semiconductor SPO Ge 


the Next Generation of Automotive Applications 


processes enabling our engineers to incorporate Hall- 
effect sensing, logic, and power onto a single chip, in any 
combination, to meet each customer’s unique system 
requirements. The results are ICs that achieve the highest 
levels of integration and are well matched to the rigorous 
quality and reliability demands of automotive applications. 





POWERTRAIN 

@ Hall-effect Crank/CAM Ignition 
Timing Sensors 

Fully-Protected Power IC Lamp 
and Inductive Load Drivers 
Hall-effect Transmission Speed 
Sensors 

Hall-effect Linear Throttle Position 
Sensors 














To receive our NEW DATABOOK, call 1 (508) ALLEGRO 
or FAX oe nonts to7 date 853-7861. 





508 ALLEGRO — 
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MICHAEL ESKIN, BROOKTREE CORP. AND HOSSEIN YASSAIE, VIDEOLOGIC 


he Video Electronics Standards Associ- 
ation (VESA) unveiled two new specifi- 
cations for the low-cost integration of 
video into PCs: the VESA Advanced 
Feature Connector (VAFC) and the 
VESA Media Channel (VM-Channel). 
Historically, this integration has been 
accomplished on graphics cards using 
the 8-bit VGA feature connector. Unfortunately, this 
connector is limited to delivering video data at an 8-bit 
pixel depth on a display with a resolution of 640 by 480 
pixels. 

The VAFC breaks through the 640-by-480 barrier by 
supplying a dual-clocked 150-Mbyte/s, 32-bit bidirec- 
tional data path that enables video overlay on displays of 
up to 1024 by 768 pixels at 24-bit/pixel depths. Dedicated 
FIFO control lines allow asynchronous delivery of video 
pixel data to graphics data. Genlocking to an external 
video source is accomplished using a dedicated clock in- 
put pin. 

The VAFC allows a video device to connect directly to 
the new crop of dual-ported RAMDACs on the graphics 
board and to easily support overlay features, such as 
those found in Microsoft’s Video for Windows. This 
specification enables both PC-motherboard and graph- 
ics-card OEMs to integrate near-broadcast-quality video 
overlay and print-to-videotape into their high-resolution 
graphics systems for minimal cost. 

The VM-Channel was developed to fulfill the future 
needs of multimedia on both PCs and workstations. VM- 
Channel is a dedicated multidrop highway connecting 
video, audio, and graphics I/O subsystems in a high- 
bandwidth, low-latency environment to transport com- 
pressed and uncompressed real-time data streams. The 
VM-Channel allows video data to be “broadcast” within a 
platform. 

The cost effectiveness and transparent integration of 
video and graphics result from the single frame-buffer 
approach in the VM-Channel. The VM-Channel decou- 
ples the respective graphics and video rates and allows 
video data to be fed directly into a conventional graphics 
frame buffer. This means that video streams can be 
transported at their native rate, regardless of the host 
system’s resolution or refresh rate. This method of at- 
taching video devices eliminates the need for frame buff- 
ers in those devices. 

While the VM-Channel is based on a single frame-buff- 
er architecture, it intentionally avoids direct employ- 





ment of the graphics-memory interface basically for two 
reasons. First, the graphics memory subsystem is highly 
configurable. Therefore, specifying a memory interface 
would hinder future developments. 

The second reason is to maintain scalability of the in- 
terface in terms of channel width and complexity. The 
ability to target different cost/performance points is im- 
portant to the graphics controller (which usually serves 
as the VM-Channel bus controller) as well as low-end vid- 
eo digitizers and codecs. 

Within a VM-Channel environment, real-time data 1s 
transported as streams, which carry an ID header. The 
stream’s ID is used by a source or destination to help 
direct the stream, such as pixel format and scaling attri- 
butes, to its correct path. This approach avoids the need 
to transfer large amounts of related attribute data with 
each stream, and offers a flexible and open method of 
handling or extending the system’s capabilities. In par- 
ticular, other real-time streams, such as audio, can be 
transported within the VM-Channel framework. 

Moreover, with the VM-Channel, multiple devices can 
be combined in a modular fashion, an important feature 
both in terms of maintaining flexibility and reducing 
cost. For example, a base platform with a graphics sub- 
system that supports the VM-Channel can easily and 
cost-effectively be configured as a capture, decode-only, 
encode-only, or a full encode-decode video system. Fur- 
thermore, a VM-Channel-based system can handle multi- 
ple video-stream transactions between video subsys- 
tems, or between a video and a graphics subsystem. This 
becomes important in applications that support multiple 
video windows, such as video-teleconferencing. 

The scheduling of stream-transaction activities on the 
VM-Channel guarantees access for each agent on the 
channel for a specific time period. Also, the handover 
mechanism, which passes the channel from one device to 
another, offers flexibility in selecting the next device. 
This “constrained” token-passing scheduling scheme 
supplies a simple, yet powerful channel-sharing mecha- 
nism that doesn’t require any dedicated arbitration sig- 
nals. 

Both the VAFC and the VM-Channel are completely in- 
dependent of the host bus, which means they can be em- 
ployed in conjunction with any system bus, including 
ISA, EISA, VL-Bus, PCI, NuBus, and so on. For more in- 
formation about the VAFC, the VM-Channel, or any oth- 
er graphics-related topic, contact the VESA office at 
(408) 435-0383. 
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‘davaradine off the previous release of a two-chip motherboard logic 
chip set for AT-bus 486-class personal computers, the Strauss chip set 
designed by Symphony Laboratories, Santa Clara, Calif., adds a third chip 
to provide PCI-bus compatibility. The trio of chips consists of the 
-SL82C491 main memory and cache controller, the SL82C492 ISA bus and 
peripheral controller, and the SL82C495 peripheral-component-intercon- 
nect bus-bridge circuit. The first two chips, which form the previously 
released Wagner chip set, perform all of the functions needed to support 
four banks of DRAM (256 Mbytes, maximum); up to 1 Mbyte of write- 
through or write-back cache; support for 128 kbytes of system-manage- 
_ment-mode memory; power-management logic for “green” PC and note-- 
| book capabilities; and integrated on-chip DMA controllers, interrupt con- 
trollers, and timers. The PCI bridge chip supports four PCI bus masters 
_and includes a four-level FIFO buffer with PCI bus arbitration and error- 
handling logic. To implement a combination PCI- and AT-bus mother- 
board requires the three 160-lead chips in the Strauss chip set and just sev- 
en simple TTL chips to glue them together. The Strauss chip set sells for 
| $22/ set in lots of 10,000 sets. Contact Jack Yuan at (408) 986-1701. 

A family of burst SRAMs that can keep sequential accesses to just 9 
ns offers versions that support Pentium, 68040, PowerPC, and i486 cache 
‘subsystems. Developed by Paradigm Technology Inc., San Jose, Calif., 

the PDM44259S and L and the companion PDM44659S and L are orga- 
nized at 32 kwords by 9 bits and come in versions that operate at system 
clock rates of 66.6, 60, 50, 40, and 33.3 MHz. Clock to data-valid times start 
at9 ns for the fastest option, but versions can also be had with times of 10, 
12, 14, or 19 ns. The burst memories come in 44-lead PLCCs and in either 5- 
or 3.3-V power-supply options. The SRAMs possess a self-timed write 
_eycle and pack an internal burst-read/write address counter. Optimized 
for the Intel and Intel-compatible processors, the 5-V version of the 
_PDM44259 gives designers a choice of standard operating current levels 
of 240 mA (ns version) or a lower-current version that trims about 10 mA 

(Sand L suffixes, respectively). On standby, the SRAMs draw 90 mA for 
the standard version and 80 mA for the lower-current version. The 
~PDM44659S and L, which handle 68040-style interfaces, have identical 
operating and standby current levels. Samples of all four chips are avail- 
able. The highest-speed, 9-ns, 5-V version sells for $47.50 each in lots of 
100. Call Zwie Amitai at (408) 954-0500. 

By monitoring a CPU’s temperature and its operations in real ihe 
designers at Elitegroup Computer Systems Inc., Fremont, Calif., created 
_apower-control scheme that can reduce system power consumption toless 
than the 30 W, thus meeting the EPA-established Energy Star power 
levels. Dubbed PowerShift, the scheme can enhance CPU performance by 
207% or more, yet it trims power and keeps CPU temperature to 70°C for 
486-class systems and 85°C for Pentium systems. The closed-loop system 
employed by the PowerShift scheme uses a customized version of the 8051 _ 
microcontroller to monitor the motherboard, disk drives, and power sup- 
ply. When these components are inactive, PowerShift slows them down 
without putting them into a “sleep” state. By not putting them into asleep 
state, the system can respond faster to outside conditions, which elimi- | 
nates delays or no-response situations. The PowerShift scheme can also 
shut down inactive monitors and printers if those devices are designed to. 
respond to the PowerShift software commands or the appropriate signals 

are incorporated into the motherboards. Elitegroup will incorporate the — 
- PowerShift technology into ISA, EISA, MCA, VL-bus and PCI-bus moth- 
erboards that use 486 and Pentium processors. This will be done by adding ~ 
~asmall connector into which a PowerShift control module can be inserted. 
Furthermore, Elitegroup will offer licenses for the PowerShift scheme to | 































other companies. Contact Darwin Chang at (510) 226-7333. 
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PC DESIGN PRODUCTS 


Vv STD 32 SBC HANDLES 

LOW TEMPERATURES 
Low temperatures are no problem 
for the ZT 89LT02 STD 32 single- 
board computer (SBC): It’s operat- 
ing temperature range is from —40 to 
+70°C. The board combines various 
486-processor choices with a local- 
bus video option. Built to a compact 








4, 5. by-6. 5-in. form factor, the fond S 
32-bit local bus supports Super VGA 
and flat-panel displays, operating at 
CPU speeds. The board can run DOS, 
Windows, Unix, OS/2, QNX, and oth- 
er operating systems. It can hold up 
to 8 Mbytes of DRAM and 2 Mbytes 
of flash memory, as wellas a parallel 
and two serial ports. Available now, 
the ZT 89LT02 starts at $1975 (in 25- 
piece quantities) with a 25-MHz 
486SX CPU and 4 Mbytes of DRAM. 

Ziatech Corp. 

3433 Roberto Ct. 

San Luis Obispo, CA IZ401 

(805) 541-0488 

> CIRCLE 814 


Vv VL-BUS GRAPHICS BOARD 
BOASTS LOW PRICE TAG 

Offering a performance level of 23 
million Winmarks, the VideoSpec- 
trum VLis a low-cost graphics accel- 
erator that plugs into the VL-Bus lo- 
cal bus. The $199 board is built witha 
Cirrus Logic 5428 accelerator chip 
that supplies 24-bit color output fea- 
turing 16.7 million colors. It comes 
with 1 Mbyte of memory and drivers 
for Windows 38.1, AutoCAD, Lotus 1- 
2-8, Microsoft Word, WordPerfect, 
and Wordstar. The VideoSpectrum 
VLis available now. 

Cardinal Technologies Inc. 

1827 Freedom Fd. 

Lancaster, CA 17601 

(717) 293-3000 

> CIRCLE 815 
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‘v BIOS REDUCES POWER 
DRAW OF SYSTEMS 


Low power is becoming an important 
feature in desktop computers as well 
as portable systems. The Megakey 
Green PC keyboard BIOS contrib- 
utes to the low-power movement by 
complying with the Energy Star 
specifications for low-power sys- 
tems (the Energy Star program, run 
by the EPA, states that the monitor 
and platform each must consume 
less than 30 W ina sleep mode). The 
BIOS supplies operating-system and 
chip-set-independent power manage- 
ment. It controls the display, printer, 
video synchronization signals, and 
the CPU clock by setting indepen- 
dent standby timers in the BIOS set- 
up. Megakey, available now, oper- 
ates with standard, off-the-shelf chip 
sets to keep design costs to a mini- 
mum. 

American Megatrends Ince. 

6145-F Northbelt Pkwy. 

Norcross, GA 30071 

(404) 263-8181 

> CIRCLE 894 
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Vv SCSI HOST ADAPTER 
HAS NO SWITCHES 


Bundled with automatic configura- 
tion software and a switchless de- 
sign, the ISApport SCSI host-adapt- 
er board is free of jumpers or DIP 
switches. The board is compatible 
with most SCSI-based peripherals, 
including CD-ROM drives, hard-disk 
drives, optical drives, and tape 
drives. The board is built with a flop- 
py-disk controller to handle almost 
any type of floppy drive. It also fea- 
tures a 128-byte FIFO that buffers 
read and write data between the host 
system and the SCSI device. Data 
transfers take place at 5 Mbytes/s. 
The ISApport supports ASPI (Ad- 
vanced SCSI Programming Inter- 
face) and CAM SCSI software stan- 
dards and comes with drivers for MS- 
DOS, Windows 38.1, OS/2, Netware, 
and SCO Unix. It sells for $199. 

Acculogic Inc. 

13715 Alton Pkwy. 

Irvine, CA 92718 

(714) 454-8527 

> CIRCLE 895 


W ACTIVE-MATRIX LCD 
SPORTS 24-BIT COLORS 

Designed for multimedia applica- 
tions, the LC-10V1 is a 10.4-in. active- 
matrix color LCD panel. It supports 
full 24-bit color for more than 16 mil- 
lion hues. In addition to displaying 
computer-generated text and graph- 
ics, the LCD can display video from 
various sources, including televi- 
sions, VCRs, and laser-disk players. 
This makes the panel suitable for 
video-teleconferencing and security 
and presentation systems. 

A built-in microprocessor can 
automatically adjust the panel for 
off-center images. In RGB mode, 
variations in analog output levels are 
handled either automatically, or 
manually by the user. The LC-10V1 
is available now; connecting cables 
for most popular systems are sold 
separately. 

Sharp Electronics Corp. 

Sharp Plaza 

Mahwah, NJ 07430 

(800) 223-2121 

> CIRCLE 896 


uyer in Trouble #81 


AR. Aloser 
BUYER : 


Borderline Stupid 


“I thought once transformers were shipped out of the 
country they were automatically international . You say 
Prem has an international series of power transformers that 
are usable just about anywhere? (CLICK!) Hello...Hello... 


I really shoulda called Prem. 
You oughta call Prem!” 


PREM 


Where Quality Really Counts! 


For Prem’s new catalog or additional product information, call or write 


Prem Magnetics, Inc. 


3521 North Chapel Hill Road, McHenry, IL 60050. 
Phone: 815-385-2700. FAX: 815-385-8578. 
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Designing 


telecommunications 
equipment? Heres how to 
put your world on a string. 
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Quite simply, tap into the proper sources. Because, 
while in one sense the world’s a lot smaller, it can 
seem pretty big when the support you need is on the 
other side of it. 

It needn't be that way in passive com- 
ponents. Because Murata Erie's always 
nearby. Whether you're building Global 
Positioning Systems in Singapore, RF 
modems in Milan, or telephone systems 
in Thailand. 

And we're there in a big way. with ine 
technical expertise that | 
ensures speed and flexibility 
in meeting new design 
requirements. With the | 
high-volume manufacturing | 
and distribution resources 
that—in getting parts where @ * 
and when you need them-— shrink the 
world to “neighborhood” size. And, of 
course, with undisputed Murata Erie quality, 
backed by our unique 1.0 QRS (100% 
quality, reliability, service) program. 

Oh, yes— product line breadth. You'll 
find our line, the largest, from chip caps to 
piezoelectric gyroscope systems, can make 
a world of difference in calculating the eco- 
nomic rewards of vendor reduction efforts. 

Call or write for details: Murata Erie 
North America, Marketing Communica- 
tions, 2200 Lake Park Drive, Smyrna, GA 
30080; 1-800-831-9172, Fax: 1-404-684-1541. Because, 
if it’s the telecommunications world you're after, 
you ll want to string along with us. 


muftata | 3{\= 


MURATA ERIE NORTH AMERICA 








® 





Delivering Technology Worldwide™ 
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Vv VAFC-COMPATIBLE RAMDAC 
RUNS AT 135 MHz 

Video-ready functions and VESA 
Advanced Feature Connections 
(VAFC) compatibility both appear on 
the CL-PX2085 MediaDAC 24-bit 
RAMDAC. The 135-MHz chip sup- 
ports four independent full-motion 
video windows. It also facilitates the 
full digital mixing of high-resolution 
graphics and full-motion video. In 
addition, it’s compatible with most 
data-compression schemes. 

The chip’s YUV-to-RGB color- 
space converter delivers 24-bit full- 
motion video, while lookup tables al- 
low brightness and contrast control. 
As aresult, users receive full-motion 
video windowing and 1280-by-1024- 
pixel color resolution. Other ad- 
vanced features include tag process- 
ing, individually zoomable windows, 
interpolated zooming, and single 
pixel resizing precision. 

The CL-PX2085 is register-com- 
patible with the popular BT485 
RAMDAC and will interface with all 
VAFC video cards. The chip is housed 


providing prec se, cost: 


in a 160-pin quad flat pack. It’s sam- 
pling now, with volume production 
planned for early 1994. In quantities 


of 1000, the 24-bit RAMDAC sells for 
$50 each. 

Cirrus Logic Ine. 

3100 West Warren Ave. 

Fremont, CA 94538 

(510) 623-8300 

> CIRCLE 893 


v TINY BOARD CONTAINS 
FULL PC/AT FUNCTIONALITY 


Allof the peripherals typically found 
in complete PC/AT-compatible sys- 
tems now are built into the it/SLC. 
Based on either a 886SX or 486SLC 
running at speeds of up to 33 MHz, 
the 5.75-by-8-in. board can be popu- 
lated with up to 16 Mbytes of RAM. 
The built-in Super VGA graphics 
controller offers support for mono- 
chrome, supertwisted-nematic color, 
and TFT LCDs; EL displays; plasma 
panels; and non-interlaced analog 
CRTs—all with resolutions up to 
1024 by 768 pixels. Other features in- 
clude a floppy-disk controller, an 





IDE interface, and a 512-kbyte ROM 
disk. The MHz 486SLC version of the 
it/SLC sells for $696. 

Innovative Technologies Inc. 

P.O. Box 90086 

Houston, TX 77290 

(713) 583-1141 

> CIRCLE 898 
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. Call 1- 503-627- -2515 and make a little 
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FEW PROGRAMMERS OTACH UP TO OUR 3 YEAR WARRANTY. 


BRAND X BRAND ¥ 


i device programmers were not created equal. 
Some are simply better than the others. 

‘The BP-1200, with the fastest programming 
-imes in the industry and superior device coverage, 
stands heads and shoulders above the competition. 
And the BP-1200’s three year limited warranty* 
sasts a big shadow over the one year warranties 
offered by our competitors. Only the better prod- 
ict comes with the better warranty. 

We are so confident about the reliability of the 
3P-1200 that we promise to send you a free loaner 
init, shipped via next day air, if your BP-1200 


should break during your first year of ownership.* 


BP MICROSYSTEMS 





The BP-1200 supports virtually all programma- 
ble devices, with continuously expanding device 
coverage, giving you the freedom to use all the 
latest devices to optimize your designs. Field- 
upgradable to grow with your needs, the BP-1200 
supports all device technologies up to 240 pins. 
Ease-of-use, high yields, and high speed combine 
with our direct-dock autohandler interface to make 
the BP-1200 the ideal choice for production. 

Best of all, the BP-1200’s outstanding perfor- 
mance and dependability can be yours for a 
very reasonable price. Call today for complete 


product information and a demonstration disk. 


BP Microsystems, Inc. ® Houston, ‘TX 





1-800-cco-clde 


© 1993 BP Microsystems, Inc. All Rights Reserved. *Available only on units sold in the U.S. after September 15, 1993. Features and specifications subject to change without notice. 
Certain restrictions and exclusions apply. For further details on our limited warranty, contact the BP Microsystems Customer Support Center. 
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‘v PCMCIA CARD COMBINES 
FAX, MODEM, AND VOICE 
Designed specifically for notebook, 
palmtop, or pen-based computers, 
the Mercury card combines a send 
and receive fax, a data modem, and 
voice integration ina PCMCIA Type 
2 form factor. Delivered with Win- 
dows-compatible voice-enabled soft- 
ware, the card features a sleep mode 





ULTRALIFE® 9-Volt lithium batter- 


ies significantly outlast alkalines 





— up to four times longer — in 





products powered by 9-Volt bat 
Because ULTRALIFE lasts 


longer, battery replacement is 





teries. 






reduced and product reliability 





is enhanced. Designing superi- 
or ULTRALIFE batteries into your 


products is a smart move. For 







formance in specialty products. 





And, the next time, specify long- 
lasting ULTRALIFE batteries. 


100% mercury-free. 
















Phone: 
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proof, call for our white paper j 


on the ULTRALIFE battery's per- Ge 


ULTRALIFE 


800-332-5000 
315-332-7100 


to conserve system battery life. A Y- 
connector offers one jack for a phone 
line and another for a telephone 
handset, which acts as the system’s 
speaker and microphone. Group 3 
fax is supported up to 9600 bits/s, 
and the data modem operates at 2400 
bits/s. The Mercury card sells for 
$245. 
MagicRAM Ince. 


Made in U.S.A. 






Fax:315-331-7800 


©1993 Ultralife Batteries, Inc. 
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1850 Beverly Bivd. 

Los Angeles, CA 90057 
(213) 413-9999 

> CIRCLE 899 


‘v PLUG PCMCIA CARDS 

INTO ANY SYSTEM 
The CardPort family of PCMCIA- 
compatible drives are designed for 
either desktop or portable systems. 
The drives can handle cards that 





comply with the Type 1, 2, or 3 spect- 
fications. The CardPort eX, a self- 
contained unit, connects to the host 
computer through it’s parallel port. 
The drive lasts several weeks on one 
charge. The CardPort is an internal 
module that plugs into a PC’s back- 
plane and supplies two card slots— 
one at the back of the board and one 
in a drive bay. 

CNF Ine. 

17705 Hale Ave., Bldg. I 

Morgan Hill, CA 95037 

(408) 778-1160 

> CIRCLE 900 


VW 20-IN. X TERMINAL 

OFFERS 33-MHZ R3000 CPU 
The CE and ME series X terminals 
are built with a 83-MHz R3000-com- 
patible microprocessor. The 
PX20CE2 comes with a 20-in. color 
display with a resolution of 1280 by 
1024 pixels. It boasts a performance 
rating of over 100,000 Xstones. Mem- 
ory configurations range from 4 to 
52 Mbytes, in 1-, 4-, or 16-Mbyte incre- 
ments. There’s also room for 2 
Mbytes of PROM and 2 Mbytes of 
flash memory. The flash supplies a 
plug-and-play solution, because X- 
server software can be preloaded in 
the system. Available now, the 
PX20CE2 X terminal sells for $3495. 
With a 20-in. Trinitron CRT, it costs 
$3995. | 

Phase X Systems Inc. 

19545 NW Von Neumann Dr. 

Suite 210 

Beaverton, OR 97006 

(503) 531-2400 

> CIRCLE 901 
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Connectors = =~ 
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Double Stack 
Eject Header with 
Type Ill Card 




















THE LATEST | 
BECAUSE EVERYONE 
~ WANTS TO BE THE FIRST. 
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HERTOGENBOSCH, NETHERLANDS: Phone: +31 73 206 259: FAX: +31 73 21 4439 
- BAD HOMBURG, GERMANY: Phone: +49 61 7287 18 09: FAX: +49 61 72 87 
+44 462 441600 TOKYO, JAPAN: Phone: +81 03 54935200: FAX: +81 03 549 
_ NGEE ANN CITY, SINGAPORE: Phone: +65 7388277; FAX: +65 7384122 KO 
TAIWAN: Phone: +886 03 4549173; FAX: +886 03 4620676 MADURAI, IN 





Phone: 800 263 5963; FAX: 416 821 5659 ETERS, PA, USA: Phone: 800 237 
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ULTRAMINIATURE A150 ATTENUATOR RELAY 





The Critical Cell Of The 
RF Attenuator Has Become 
The Whole Attenuator 


THE FIRST SELF-CONTAINED, 
ULTRAMINIATURE 
SWITCHABLE ATTENUATOR! 


Teledyne Relays’ 
new A150 Attenua- 
tor Relay* is spe- 
cifically engineered 
to provide a her- 
metically sealed 
electro-mechanical 
relay that can attenuate RF signals without 
additional external components. 

Our new self-contained switch- 
able attenuator provides high isolation 
between control and signal paths, stable 
attenuation vs. temperature, excellent phase 





*Patent pending 


linearity vs. frequency and outstanding 
intermodulation performance. The A150 
Attenuator Relay is designed for use in 50 
ohm systems over the frequency range from 
dc to 3 GHz. The unit is less than .050 
cubic inches in volume, occupies less than 
0.200 square inches of board space and 
weighs less than 0.12 ounces. The thin-film 
matched attenuator pad is integrated into 
the unit’s mechanical switching circuit. 
The A150 Attenuator Relay is 
housed in Teledyne Relays’ extended 
Centigrid® hermetically sealed package. 
The two rows of connecting leads are 
0.200" apart and the leads are spaced 0.150” 
center-to-center. It also features internal 
welded construction and uni-frame design 





for high motor magnetic efficiency and 
exceptional mechanical ruggedness. 
Its gold-plated precious metal contacts 
assure low contact circuit losses and 
reliable switching. 

The A150 is the only RF Atten- 
uator of its kind. For price, delivery and 
technical information, call 1-800-284-7007 
or FAX us at 1-213-779-9161. 


Actual size 


“© TELEDYNE RELAYS 


Innovations In Switching Technology 





Home Office, 12525 Daphne Avenue, Hawthorne, CA 90250 ¢ Telephone: 213-777-0077 * FAX: 213-779-9161 
OVERSEAS: GERMANY, (0611) 7636-143; ENGLAND: (081) 571-9596; BELGIUM: (02) 673-99-88; JAPAN: (03) 3797-6956. 
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interface 





BY 


MAR K 


Lower pin inductances and less ground 
bounce mean faster, quieter circuits. 
MUEGGE 


Quality Semiconductor Inc., 851 Martin Ave., Santa Clara, CA 95050-2903; (408) 450-8000. 


he relentless push to boost 
the performance of high- 
Speed microprocessor- 
based systems demands that sig- 
nal delays and noise, both on 
and off the chip, be reduced to 
their lowest levels. To a large ex- 
tent, the packaging of devices 
can provide the answer to this 
growing problem. In recent 
years, packaging advances have 
significantly diminished signal 
delays and noise by bringing 
components closer together and 
by slashing their pin capaci- 
tances and inductances. Fur- 
thermore, improved lithogra- 
phy techniques continue to re- 
duce signal delays and noise on 
the chip through performance 
gains and size reductions. 
Shorter signal traces result in 
shorter delays and, therefore, 
faster signal speeds between sys- 
tem components. Every inch of 
trace on a 50-1) circuit board 
costs about 150 ps, so it’s critical 
that trace lengths are reduced in 
high-performance systems. 
Packaging advances such as the 
quad flat pack (QFP) have im- 
proved the performance of large 
pin-count devices, while fine- 
pitch packaging has similarly 
enhanced interface-logic de- 
vices. Moreover, buffers, trans- 
ceivers, latches, and registers 
used to connect system blocks 
together have seen many recent 
packaging improvements. 
Besides saving space, fine- 
pitch packages are also the qui- 
etest and fastest around. Smaller 


physical size means lower values 
of pin inductance and capaci- 
tance. And low pin inductance 
makes for a better connection to 
the circuit-board ground, which 
attenuates ground bounce. 
Ground bounce is noise coupled 
onto a non-switching output by 
other switching outputs. Im- 
provements in circuit density 
and performance are due in 
large part to advances in fine- 
pitch packaging for interface- 
logic devices. 

The first fine-pitch package 
for interface logic was the 300- 
mil-wide plastic small-outline 
IC (SOIC), also known as the 
small-outline package (SOP). 
The leads are formed in a gull- 
wing shape away from the body. 
The package’s pin pitch is 50 
mils and the board area required 
is about half that of the plastic 
dual in-line package (DIP). It 
enabled system designers to 
pack twice the amount of cir- 
cuitry into the same area or pack 
the same amount of circuitry 
into half of the area. 

Because the SOIC package is 
smaller than the DIP, its mea- 
sured ground-lead inductance of 
8.5 nH for the 20-pin version is 
almost half that of the 20-pin 
DIP (13.7 nH). Ground bounce 
is proportional to the square 
root of lead inductance, so the 
lower inductance means a 20% 
drop in ground bounce. While 
the SOIC’s reductions in board 
area and noise generation are 
significant compared to the 
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Of all the standard 
production packages 
for interface logic, the 
20- and 24-pin QSOPs 
have the smallest 
footprint. The body 
size is about one 
quarter of a standard 
SOIC package. The 
small package saves 
space and reduces 
noise without sacrific- 
ing thermal character- 
istics. 


DIP, more recent gains in fine- 








pitch packaging for interface 
logic have gone farther. 

The smallest of the second- 
generation fine-pitch packages, 
however, are the 20- and 24-pin 
shrink SOPs (SSOPs). These 
packages are defined by lead 
pitches at or near 25 mils. His- 
torically, two standards 
emerged for high-density pack- 
aging of interface logic at 20 and 
24 pins. The Electronic Industry 
Association of Japan (EIAJ) en- 
dorsed a Japanese-developed, 
208-mil-wide SSOP with a pin 
pitch of 25.6 mils (0.65 mm). 


Meanwhile, in the United 
States, JEDEC endorsed a 150- 
mil-wide SSOP with a pin pitch 
of 25.0 mils (0.635 mm). This 
package, developed by Quality 
Semiconductor, is commonly 
referred to as the QSOP. 

In addition to the QSOP anda 
48-/56-pin SSOP, JEDEC has 
since endorsed the EIAJ-stan- 
dard 20-/24-pin SSOP. The fact 
that JEDEC calls all of these 
packages SSOP can be confusing 
because of the proliferation of 
lead pitches and hody widths. A 
chart comparing most of the 
packages used for interface logic 
can help allay some of that con- 
fusion (Table 1). Another chart 
offers a quick comparison of 
lead pitches in metric and En- 
glish units (Table 2). 

The 20- and 24-pin QSOPs 
have the smallest footprint of 
the standard production pack- 
ages for interface logic. The 
body size is about one quarter of 


Ml FINE-PITCH LOGIC PACKAGING 


a standard SOIC package. The 
small package saves space while 
reducing noise without sacrific- 
ing thermal characteristics (see 
the figure). The ground-lead in- 
ductance is 3.6 nH, which cuts 
ground bounce by 50% com- 
pared with the DIP. Thermal 
characteristics are excellent be- 
cause of the high leadframe-to- 
plastic ratio, thus providing bet- 
ter heat conduction. The QSOP 
has gained wide acceptance in 
the industry, in part because it’s 
based on the 14-pin narrow 
SOIC body. 

The 20- and 24-pin SSOPs are 
also exceptionally small. In fact, 
other than the QSOP, no other 
standard package comes close to 
providing the board density of 
the low-pin-count SSOPs. The 
small size provides excellent 
noise reduction as well. More- 
over, the SSOP has become 
widely accepted. 

Drawbacks for these small 


packages are few. There’s usual- 
ly a slightly higher cost for the 
value-added features, such as 
space savings. Also, the false 
perception remains that more 
system components mean lower 
reliability. In fact, system reli- 
ability is more a function of total 
pin count rather than compo- 
nent count. The total pin count 
of two SSOPs is actually less 
than the 48- and 56-pin SSOPs 
for the same function. 

The 48- and 56-pin SSOPs 
provide a space savings of 50% 
compared with the 24-pin SOIC 
package. The ground-lead in- 
ductance of the package is 
equivalent to the SOIC. Because 
devices assembled in these pack- 
ages often have multiple ground 
pins, the effective ground-lead 
inductance, and_ resulting 
ground bounce, is on a par with 
the smallest packages. The ther- 
mal characteristics of the 48- 
and 56-pin SSOPs are favorable 


TABLE 1: A COMPARISON OF INTERFACE-LOGIC PACKAGES 


Body 
st Length — ~~ 





“All soles are maximum vailes 


Total 
_ 


- Devices registered by JEDEC after 1991 use metric dimensions 
- 25.4 mm/in. used for conversion between English and metric units 


* Total width package includes leads 


** Normalized to 8-bit-wide function (double package areas are divided by 2) 


*** No air flow 
N/A = not available 


area a (mm?) 


Package Equivalent 


board area (mm?)"* 
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High Speed, High Current 
Low Side MOSFET Drivers 


Drives a hex 6—hex 7 size 
MOSFET; 1500pF—16,000pF 


25nS 


Drives a hex 4—hex 5 size 
MOSFET; 600pF—12,000pF 


Drives a hex 0O—hex 3 size 
MOSFET; 400pF—3000pF 


V, 
——_> 
25nS 
drives a hex O—hex 3 size 
MOSFET; 400pF—3000pF 


MIC4451/4452 
12A Peak Output 
1.4Q Output Impedance 
40nS into 15,000pF 
4.5V to 18V Supply 
Latch-up Protected 
Withstands 5V Negative Swing 
Surface Mount and High Power 
Package Available 


MIC4421/4422 
9A Peak Output 
1.5Q Output Impedance 
25nS into 10,000pF 
4.5V to 18V Supply 
Latch-up Protected 
Withstands 5V Negative Swing 
Surface Mount and High Power 
Package Available 


MIC4420/4429 
6A Peak Output 
2.5Q Output Impedance 
4.5V to 18V Supply 
25nS into 2500pF 
Latch-up Protected 
Withstands 5V Negative Swing 
Surface Mount and High Power 
Package Available 


MIC4423/4424/4425 
3A Peak Output 
3.5Q Output Impedance 
25nS into 1800pF 
4.5V to 18V Supply 
Latch-up Protected 
Withstands 5V Negative Swing 
Surface Mount Available 


MIC4426/4427/4428 
1.5A Peak Output 
7Q Output Impedance 
25nS into 1000pF 
4.5V to 18V Supply 
Latch-up Protected 
Withstands 5V Negative Swing 
Surface Mount Available 


MIC4467/4468/4469 
1.2A Peak Output 

10Q Output Impedance 
25nS into 470pF 
4.5V to 18V Supply 
Latch-up Protected 
Withstands 5V Negative Swing 
Surface Mount and High Tem- 
perature Packages 
Three Logic Choices 


RA AA ooo 


= 
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I 
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x4 


MIC4451 


MIC4452 





High Side Driver 
With Current Sense 


MIC5013 


MIC4421 


MIC4422 


High Side Driver 


MIC5014 


MIC4429 


MIC4420 


MIC4423 


MIC5021 


MIC4424 








MIC5010 Family 
60uS into 1nF 
7 to 32V Supply 
Full-featured Predriver 
Optional Speed-up Capacitors 
Internal Charge Pump 
Dynamic Sensing Threshold 
Surface Mount Available 
Also Available: 
MIC5010 Full Featured 
MIC5011 Minimum Parts Count 


MIC5014 Family 
2.75V to 30V Supply 
Minimum Parts Count 
“Load Dump” Protected 
Low Cost 
Reverse Battery Protected 
Internal Charge Pump 
Also Available: 
MIC5015 /5017 Inverting 


MIC5020 Family 

1mS into 2000pf 
Overcurrent Protected 
Internal Charge Pump 
7V to 40V Supply 
Reduced EMI 
Also Available: 
MIC5020 Low Side Driver 


High Side, Protected 
MOSFET Drivers 


Push-pull Driver 4.5V to 32V¢ 





Push-pull Driver 2.75V to 30V¢ 








Choose from the widest selection of MOSFET 


MIC4425 


predrivers in the industry. Whether your specification 


requires ultrafast low side driving, overcurrent 
protected high side driving, or overcurrent protected 


MIC4426 


MIC4427 


low side driving of 1 Amp to 100 Amp MOSFETs, we 
can supply the nght product from our family of CMOS 


drivers to reliably meet your needs. For details 


MIC4428 


San Jose, CA 95131 - (408) 944-0800. 





SEMIC ON: DU Gis O:R 


The Intelligent Power Company” 


contact: Micrel Semiconductor, 1849 Fortune Drive, 
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because of their relatively large 
amount of leadframe material, 
which conducts more heat. 

In some applications, it’s as 
important to reduce package 
height as it is to reduce package 
length and width. In such cases 
(including disk-drive and 
PCMCIA circuits), the package 
of choice is the thin shrink 
small-outline package (TSSOP). 
These packages are only 1.1 mm 
thick—less than half the thick- 
ness of the standard SOIC pack- 
age. The TSSOP packages come 
in 20 and 24 pins for standard 
interface logic and 48 and 56 
pins for double-width logic. 

The 20-pin TSSOP is the 
smallest package available for 
standard-width interface logic 
and, like the QSOP, uses about 
one-quarter of the board area of 
the SOIC package. While the 
advantages provided by these 
new thin packages can be enor- 
mous, there are trade-offs to 
consider. For example, system 
designers need to understand 
the thermal characteristics of 
these packages so that any po- 
tential problem with localized- 
device power dissipation can be 
avoided during board layout. 

Other than board area, the 
most important design consider- 
ation in choosing a package is 
thermal resistance. Thermal re- 
sistance is a measure of a pack- 
age’s ability to conduct heat 
away from the die to the outside 
world. Lower thermal resistance 
means lower die temperatures 
and, hence, higher reliability. 

The most common thermal- 
resistance parameter used by de- 
signers today is 0,,. This is a 
measure of the thermal resis- 
tance between the junction tem- 
perature of the silicon and the 
ambient temperature, and is ex- 
pressed in °C/W. To determine 
05,4, a Special test die is used to 
measure the temperature inside 
the package. The difference be- 
tween the die temperature and 
ambient temperature is then di- 
vided by the amount of power 
used by the die. The lower the 
package’s 0,,, the better that 
package is at conducting heat 
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TABLE 2: PIN-PITCH 
CONVERSION 


Metric units 


English units 


25.6 mils 
19.7 mils 


away from the IC. 

Many packaging parameters 
affect thermal resistance. The 
most critical of these are the size 
of the die-attach pad (and asso- 
ciated die size) and the ratio of 
leadframe material to plastic. A 
larger die-attach pad (with a 
larger die) usually means a more 
even distribution of heat gener- 
ated by the device. Such condi- 
tions generally favor heat con- 
duction and result in lower ther- 
mal resistance. A greater pro- 
portion of leadframe material 
relative to the amount of plastic 
also results in better thermal 
characteristics. Again, this al- 
lows more efficient conduction 
of heat away from the die. Other 
parameters that can affect ther- 
mal resistance are the leadframe 
material itself and the lead- 
frame’s design. 

One area that’s been largely 
ignored in terms of package de- 
velopment for interface logic is 
the military market. Perhaps IC 
manufacturers are concerned 





about the military’s current 
trend toward downsizing, trans- 
lating into less long-term busi- 
ness. This flies in the face of cur- 
rent indications suggesting that 
while the overall military piece 
of the pie is shrinking, the elec- 
tronics industry’s slice is grow- 
ing. To take advantage of this 
trend, newer and more efficient 
packages for the military inter- 
face-logic market must be devel- 


oped. There have been packag- 


ing advances for larger-pin- 
count devices, such as a ceramic 
version of the QFP and a 32-pin 
ceramic SOIC for memories, but 
new military packages for inter- 
face logic are nonexistent. 

To date, the ceramic leadless 
chip carrier (LCC) and ceramic 
flat packs have been the only op- 
tions available for surface- 
mount users of interface logic in 
the military market. Both pack- 
ages possess contacts or leads 
spaced at 50 mils. And, both use 
significantly less board space 
than the ceramic DIP package. 
However, neither are without 
drawbacks. The LCC package 
can pop off of boards because of 
thermal or mechanical stress. 
Because the package has no 
leads, it’s more difficult to en- 
sure a highly reliable solder 
joint. To eliminate this problem, 
designers have actually soldered 
leads onto the LCC package be- 
fore soldering onto the board to 


TABLE 3: A COMPARISON OF PACKAGE AREAS FOR DOUBLE-WIDTH LOGIC 
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Mi FINE-PITCH LOGIC PACKAGING & 


guarantee a better joint. Of 
course, this additional process- 
ing adds expense and time to the 
board-manufacturing process. 

Flat packs occupy less space 
than ceramic DIPs and, because 
they are leaded, it’s easier to en- 
sure a high-reliability solder 
joint. The flat pack is typically 
shipped from the manufacturer 
to the user in plastic carriers. 
These carriers protect the un- 
formed leads during the manu- 
facturing process. The carriers 
must be removed and the leads 
trimmed and formed before the 
device can be placed and sol- 
dered on the board. As such, flat 
packs require some additional 
processing by the user and are 
generally much more expensive 
than the LCC package. 

The ceramic SOP package 
lends several advantages to in- 
terface logic. For instance, the 
package would cost significantly 
less than flat packs, for both sup- 
pliers and users. Less handling 
would be required, because 
much of the same equipment 
used for the plastic SOP still ap- 
plies. The ceramic SOP takes 
less board area than do flat 
packs, and the footprint is com- 
patible with that of the plastic 
SOP. This key feature would cut 
prototyping costs for military 
systems and would enable plas- 
tic SOPs to replace the ceramic 
SOPs in commercial versions of 
the same circuits without requir- 
ing a re-layout of the circuit 
board. Unfortunately, ceramic 
SOPs have yet to be developed 
for interface logic. However, 
given the strong need for such a 
package, a solution is no doubt 
on the horizon. 

The state of the art in inter- 
face-logic packaging is in pin 
pitches below 0.5 mm. The JE- 
DEC-registered 48-pin QVSOP 
package offers the highest densi- 
ty of any interface-logic package 
(Table 3). It’s over five times 
smaller than the SOIC package 
for the same function. The space 
Savings is achieved by imple- 
menting a leadframe with a 0.4- 
mm pitch and using the body 
from the 16-pin narrow SOIC. 





This same pitch is used by large 
pin-count packages like the 
shrink quad flat pack (SQFP). 

The combination of fine pitch 
and narrow body results in ex- 
cellent thermal characteristics 
and low ground bounce. The 
high ratio of metal to plastic 
gives a thermal resistance of 
only 86°C/W. Thanks to the 
package’s relatively low ground- 
lead inductance of 3.0 nH, 
ground bounce is reduced by 
35% compared with an SOIC. 
When two ground pins are used 
for each 8 bits, the effective 
ground bounce is almost cut in 
half. As a result, ground bounce 
is cut by an additional 25%. 

System performance can be 
greatly improved by using fine- 
pitch packaging for interface 
logic. These gains are realized 
through shorter trace lengths on 
circuit boards and by lower pin 
inductances, ultimately dimin- 
ishing ground bounce. The first 
of the fine-pitch packages, the 
SOIC, provided a large im- 
provement over the DIP. The 
next package generation, the 
SSOPs, realized a quantum-leap 
improvement beyond previous 
generations. These 25-mil pin- 
pitch packages are the state of 
the art in volume manufacturing 
for interface-logic devices. 
Packaging for interface logic has 
also branched out into specialty 
applications requiring very thin 
packaging, which has been ser- 
viced by the TSSOP packages. 
For the highest-density applica- 
tions, the QVSOP package is the 
smallest available for interface 
logic. 


Mark Muegge, a senior appli- 
cations engineer at Quality Semi- 
conductor Inc., holds a BSEE 
from the University of Califor- 
nia, Davis. Muegge joined QSI in 
1989. 


HOW VALUABLE? 
HIGHLY CIRCLE 550 


MODERATELY = CIRCLE 551 
SLIGHTLY CIRCLE 552 








Our 
Power Module 
iS Dual... 


theirs is only 


single output! 





Patent Pending 


Single Outputs $104 / 
Dual Outputs $149 


28 Standard Models/——— 
Special Voltages Available — 


Four Series / 18-380 VDC Input ‘ 


Fixed Frequency 100kHz 
True Redundancy Operation — 


The availability of DUAL ISOLATED 
OUTPUTS creates cost and space sav- 
ings in many applications. 

Fully safeguarded for over voltage, over 
temperature and continuous short circuit 
protection, these FIXED Hi-Frequency 
units minimize technical problems. 

With output voltages from 3.3 VDC to 100 
VDC, four distinct input ranges and the 
choice of single or dual outputs plus the 
capability of Parallel Operation, as stand- 
ard features, your circuit designs can be 
optimized. 

Assembled in the U.S.A. with PICO qual- 
ity components, these hi density units al- 
low the most stringent mechanical, elec- 
trical and environmental requirements. 


See EEM or send direct 
for Free PICO Catalog. 

Call toll free 
in NY call 914-699-5514 
FAX 914-699-5565 


453 N. MacQuesten Pkwy., Mt. Vernon, N.Y. 10552 


CIRCLE 263 FOR U.S. RESPONSE 
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PACKAGING & MATERIALS 


VW FLEXIBLE SHIELDING 

GUARDS FLAT CABLES 
A highly flexible shielded jacket ad- 
dresses a wide range of shielding ap- 
plications for flat-ribbon cable. The 
Z-Shield jacket is a combination of 
polyurethane film bonded to the 
company’s Z-Cloth 3250 copper-nick- 
el shielding, which is a metallized 
fabric of super-soft polyester taffe- 
ta. The combination provides for ex- 
cellent electromagnetic shielding 
with high flexibility, flame resis- 
tance, and good dielectric strength. 

The Zippertubing Co. 

P.O. Box 61129 

Los Angeles, CA 90061 

(310) 527-0488 

> CIRCLE 820 


VW RACK-MOUNTED CHASSIS 
AFFORDS PROTECTION 
Industry-standard EIA dimensions 
and heavy-duty aluminum construc- 
tion are features of the SB Series 
rack-mounted chassis kits. The kits 


are all 19 in. wide and are stocked in 
seven standard heights from 1-3/4 
through 12-1/4 in. and in three 
depths of 9-1/2, 12, and 19 in. The 
kits’ front panels are made of easily 
machined 6061-T6 aluminum. Side 
panels provide three rows of mount- 
ing holes. Call for pricing and deliv- 
ery information. 

Strongbox 

P.O. Box 2726 

Culver City, CA 90231 

(301) 305-8288 

> CIRCLE 821 


Vv NO-LEAD SOLDER PASTE 


ELIMINATES CLEANING 


A proprietary lead-free alloy is the 
basis for a solder paste that’s envi- 
ronmentally friendly, offers excel- 
lent solderability, and delivers rell- 
able joints. The Delta 100 Series lead- 
free solder pastes can be applied us- 
ing stencils, metal-mask screen 
printing, or syringes. The pastes 
come in standard jars, syringes, car- 


tridges, or delta tube flex. Reflow is 
with IR ovens, vapor phase process- 
ing, or hot plates. Standard, middle, 
or fine-pitch meshes are available. 

Qualitek International Inc. 

315 Fairbank St. 

Addison, IL 60101 

(708) 628-8083 

> CIRCLE 822 


Vv CUSTOM PANELS 

MEET USER’S SPECS 
A line of Euro front panels is easily 
customized to meet customer specifi- 
cations. The panels can be delivered 
with custom cutouts, holes, and ex- 
tra hardware as well as special fin- 
ishes and silk screening. Also of- 
fered is a stainless-steel M 2.5 collar 
screw and plastic or metal sleeves 
for fastening panels to subracks. 

Electro-Space Fabricators Inc. 

300 W. High St. 

Topton, PA 19562-0067 

(215) 682-7181 

> CIRCLE 823 


PACKAGING AND MATERIALS MANUFACTURERS 


3M (CM) (EM) (MI) 
Electrical Specialties Div. CIRCLE 605 
6801 River Place Blvd. 


(603) 880-6000 (TB) 
(CM) (MI) 
CIRCLE 611 


CIRCLE 617 


Austin, TX 78726-9000 
(800) 328-1368 

(MP) (ES) (ER) (TB) (EN) 
(EA) (MM) (PM) (RE) 
CIRCLE 600 


3M Industrial Specialties 
Adhesive Systems Div. 


3M Center, Bldg. 220-7W-04 


St. Paul, MN 55144-1000 
(612) 733-1110 

(EA) (PM) 

CIRCLE 601 


AAVID Engineering Inc. 


One Kool Path, P.O. Box 400 


Laconia, NH 03247-0400 
(603) 528-3400 

(HS) 

CIRCLE 602 


AIM Products Inc. 
American lron & Metal 

9 Rocky Hill Rd. 

Smithfield, RI 02917 

(401) 232-2772 

(FL) (SO) 

CIRCLE 603 


AMCO Engineering Co. 
3801 N. Rose St. 

Schiller Park, IL 60176 
(708) 671-6670 

(BM) (CN) (CM) (EM) (GP) 
(MI) (PT) (RA) (VR) (ER) 
CIRCLE 604 


AMP Inc. 

P.O. Box 3608 
Harrisburg, PA 17105 
(800) 522-6752 


AMP-AZKO Corp. 


Electronic Materials Div. 


710 Dawson Dr. 
Newark, DE 19713 
(302) 292-6246 
(EA) (IK) (LA) 
CIRCLE 606 


AT&T Microelectronics 
Whippany Rd. 8B-319 
Whippany, NJ 07981 
(201) 386-3952 

(ER) 

CIRCLE 607 


Ablestik Laboratories 

20021 Susana Rd. 

Rancho Dominguez, CA 
90221 

(310) 764-4600 

(CC) (EN) (EA) (FE) (PM) 

CIRCLE 608 


Accu-Tech Laser 
Processing 

1175 Linda Vista Dr. 

San Marcos, CA 92069 

(619) 744-6692 

(CE) (SU) 

CIRCLE 609 


Adhesives Research Inc. 


P.O. Box 100 

Glen Rock, PA 17327 
(717) 235-7979 

(ES) (ER) 

CIRCLE 610 


Advanced Circuit 
Technology 

118 Northeastern Blvd. 

Nashua, NH 03061 


Ain Plastics Inc. 

249 E. Sandford Blvd. 
Mount Vernon, NY 10550 
(800) 431-2451 

(SE) (EP) (EA) (LA) (TF) 
CIRCLE 612 


Airmold 


Div. of W.R. Grace & Co. 


P.O. Box 610 


Roanoke Rapids, NC 27870 


(919) 536-2171 


(CM) (IN) (MP) (PT) (ES) (ER) 


CIRCLE 613 


Alacra Systems 
105 Race St. 
Ambler, PA 19002 
(215) 542-9326 
(IN) (MP) 
CIRCLE 614 


Alden Products Co. 

117 N. Main St. 

Brockton, MA 02403-0860 
(508) 583-0160 

(CM) (GP) (IN) (WT) 
CIRCLE 615 


Alpha Metals Inc. 

600 Route 440 

Jersey City, NJ 07304 
(201) 434-6778 

(CE) (CC) (FL) (SO) (TF) 
CIRCLE 616 


Alpha Wire Corp. 

711 Lidgerwood Ave. 
Elizabeth, NJ 07207-0711 
(899) 52-ALPHA 


(ER) (CE) (EN) (EA) (PM) 
SA 


CIRCLE 623 


Altech Corp. 


35 Royal Rd. 


Flemington, NJ 08822-6000 
(908) 806-9400 


(GP) (IN) 
CIRCLE 618 


Amoco Chemical Co. 
200 E. Randolph Dr., 


MC 4106 


Chicago, IL 60601-7125 
(312) 856-4729 
(EN) (FE) (PC) (TF) 


CIRCLE 619 


Amoco Performance 
Products Inc. 


Atlas/Soundolier 

Atapco Security 

& Communications Group 
1859 Intertech Dr. 
Fenton, MO 63026 
(314) 349-3110 
(CN) (GP) (PT) (RA) (VR) 
CIRCLE 624 


BICC-Vero Electronics Inc. 
1000 Sherman Ave. 
Hamden, CT 06514 

(800) 242-2863 

(CM) (EM) (GP) (MP) (PT) 
(RA) (VR) 

CIRCLE 625 


4500 McGinnis Ferry Rd. 


Alpharetta, GA 30202 
(404) 772-8200 


(EP) 
CIRCLE 620 


Amuneal Mfg. Corp. 


Balo Precision Parts Inc. 
45 Carey Ave. 

Butler, NJ 07405 

(201) 492-2256 

(MP) 

CIRCLE 626 


4737 Darrah St. 


Philadelphia, 


(215) 535-3000 
(ER) (MG) (RC) (SE) 


CIRCLE 621 


Apogee Plastic 


PA 19124 Balseal Engineering Co. Inc. 
620 W. Warner Ave. 

Santa Ana, CA 92707-3398 
(800) 336-1006 

(GK) 

CIRCLE 627 


Technologies 


1845 Holsonback Dr. 
Daytona Beach, FL 32117 
(904) 274-2222 

(CN) (EM) (PT) (ER) (EP) 


CIRCLE 622 


Bostik 

Boston St. 
Middleton, MA 01949 
(508) 777-0100 

(EL) (EA) (PM) (RE) 
CIRCLE 628 


Aremco Products 


P.O. Box 429 
Ossining, NY 


(914) 762-0685 


(see p. 146 for key) 
(continued on p. 132) 
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"I’m a vice president because I sold 22,000 gizmos 
this year. How’d you become a v.p.?” 


"I made a great deal on the 200,000 
gizmos you didn’t sell last year." 





a 


Turn your excess inventory into a 
tax break and help send needy 
kids to college. 


Call for your free guide to learn how 


donating your slow moving inventory can 
mean a generous TAX WRITE OFF for your company. 


Call 708-690-0010 





P. O. Box 3021, Glen Ellyn, IL 60138 FAX (708) 690-0565 


Excess inventory today...student opportunity tomorrow 





PACKAGING & MATERIALS 
PACKAGING AND MATERIALS MANUFACTURERS 


Brim Electronics Inc. 
120 Home PI. 

Lodi, NJ 07644 

(201) 796-2886 

(ES) (ER) (GK) (TB) (CE) 
(EN) 

CIRCLE 629 


Brush Wellman Inc. 
Ceramic Div. 
17876 St. Clair Ave. 
Cleveland, OH 44110 
(216) 486-4200 
(MP) (CE) (SU) 
CIRCLE 630 


Bud Industries Inc. 

4605 E. 355th St. 
Willoughby, OH 44094 
(216) 946-3200 

(BM) (CN) (CM) (EM) (GP) 
(IN) (PT) (RA) (VR) (ER) 
CIRCLE 631 


Bustronic Corp. 

44350 Grimmer Blvd. 
Fremont, CA 94538 

(510) 490-7388 

(BM) (CM) (EM) (GP) (MI) 
(PT) (RA) (VR) (WT) 
CIRCLE 632 


CTS Corp. 

Microelectronics Business 
1201 Cumberland Ave. 
West Lafayette, IN 47906 

— (317) 463-2565 
(CM) (MP) (Ml) 
CIRCLE 633 


Calmark Corp. 

4915 Walnut Grove Ave. 
San Gabriel, CA 91776 
(818) 287-0451 

(CM) 

CIRCLE 634 


Carlon Electrical Products 
25701 Science Park Dr. 
Cleveland, OH 44122 

(216) 831-4000 

(CM) (GP) (IN) (PT) (WT) 
CIRCLE 635 


Chomerics Inc. 
Div. of W.R. Grace & Co. 
77 Dragon Ct. 
Woburn, MA 01888 
(617) 935-4850 
(EM) (ES) (ER) (FR) (GK) 
(MG) (SE) (TB) (VE) (EL) (EA) 
(LA) (PM) (SA) 
CIRCLE 636 


Christopher Assoc. Inc. 
2601 S. Oak St. 

Santa Ana, CA 92707 
(714) 979-7500 

(EA) (FL) (SO) 

CIRCLE 637 


Cobar Americas Inc. 

7557 Rambler Rd., Suite 750 
Dallas, TX 75252 

(214) 361-6454 

(FL) (SO) 

CIRCLE 638 


Cole-Flex Corp. 

91 Cabot St. 

West Babylon, NY 11704 
(516) 249-6150 


(TB) (EL) (SA) 
CIRCLE 639 


Conap Inc. 

1405 Buffalo St. 

Olean, NY 14760 

(716) 372-9650 

(CC) (EL) (EN) (EA) (PM) 
(RE) 

CIRCLE 640 


Coors Ceramics Co. 
17750 W. 32nd Ave. 
Golden, CO 80401-1298 
(303) 277-4841 

(CE) (SU) 

CIRCLE 641 


Coors Electronic 
Package Co. 

511 Manufacturers Rd. 

Chattanooga, TN 37405 

(615) 755-5408 

(MP) (Mi) (CE) (SU) 

CIRCLE 642 


Cotronics Corp. 

3379 Shore Pkwy. 
Brooklyn, NY 11235 
(718) 646-7996 

(CE) (EN) (EA) (PM) (RE) 
CIRCLE 643 


Crenlo Inc. 

Emcor Products 
1600 4th Ave. N.W. 
Rochester, MN 55901 
(507) 287-3371 
(CN) (CM) (EM) (GP) (MI) 
(RA) (VR) (ER) 
CIRCLE 644 


Crystal Mark Inc. 

Custom Enclosure Div. 
1062 Fairview Dr. 
Carson City, NV 89701 
(702) 885-1511 
(CN) (CM) (GP) (IN) (MI) (PT) 
(RA) (VR) (GK) (MG) 
CIRCLE 645 


DSM Engineering 
Plastics Inc. 

P.O. Box 3333 

Evansville, IN 47732 

(812) 424-3831 

(ES) (ER) (EL) (EP) (RE) 

CIRCLE 646 


dataCon Inc. 

60 Blanchard Rd. 
Burlington, MA 01803 
(617) 273-5800 

(GP) (VR) 

CIRCLE 647 


Dexter Distributor Programs 
Hysol Engineering Adhesive 

One Dexter Dr. 

Seabrook, NH 03874-4018 

(603) 474-5541 

(EN) (EA) (PM) 

CIRCLE 648 


Digital Equipment Corp. 

4 Results Way, MRO4-3/C19 
Marlboro, MA 01752 

(508) 467-3394 

(BM) (CN) (CM) (EM) (GP) 
(IN) (MP) (PT) (RA) (VR) 
(WT) 

CIRCLE 649 


Dow Chemical Co. 
Dow Plastics Div. 

P.O. Box 1206 

Midland, MI 48641-1206 

(800) 441-4DOW 

(EP) (EA) (RE) 

CIRCLE 650 


Du Pont Electronic Materials 
Barley Mill Plaza 

Room G-52198 
Wilmington, DE 19880-0010 
(919) 248-5075 
(CE) (IK) (TF) 
CIRCLE 651 


Dymax Corp. 

51 Greenwoods Rd. 
Torrington, CT 06790 
(203) 482-1010 

(CC) (EN) (EA) (LA) (PM) 
(SA) 

CIRCLE 652 


E-A-R Specialty Composites 
7911 Zionsville Rd. 
Indianapolis, IN 46268 

(317) 692-1111 

(GK) (EL) (SA) 

CIRCLE 653 


ECS Composites Inc. 

3560 Rogue River Hwy. 
Grants Pass, OR 97527 

(503) 476-8872 
(CN) (CM) (EM) (GP) (IN) (Ml) 
(PT) (RA) (WT) (ES) (ER) 
CIRCLE 654 


EG&G Wakefield 
Engineering 

60 Audubon Rd. 

Wakefield, MA 01880 

(617) 245-5900 

(BM) (CM) (GP) (IN) (MP) 

(RA) (EA) 

CIRCLE 655 


EMCA-REMEX Products 
Ablestik Electronic Materials 

160 Commerce Dr. 

Montgomeryville, PA 18936 

(215) 855-1000 

(IK) (MM) (PC) (TF) 

CIRCLE 656 


EPH Engineering Assoc. Inc. 
21 E. 400 S. St. 

Orem, UT 84058 

(801) 226-1383 

(MP) (CE) (SU) 

CIRCLE 657 


ERNI Components 
520 Southlake Blvd. 
Richmond, VA 23236 
(804) 794-6367 

(GP) 

CIRCLE 658 


ESP Inc. 

14 Blackstone Valley PI. 
Lincoln, RI 02865-1145 
(800) 338-4353 

(FL) (SO) 

CIRCLE 659 


(see p. 146 for key) 
(continued on p. 136) 


VW TAPING PRODUCTS 
OFFER INSULATION 


A self-fusing, ‘‘no-heat”’ silicone tape 
and a moldable rubber tape are both 
available for waterproofing and in- 
sulating applications. The Type 
TYT200 silicone tape is self-adhering 
and fuses to form a homogeneous 
mass within 24 hours at room tem- 
perature and in four hours at 350°F. 
Type TYT250 is a waterproofing 
moldable-rubber tape that may be 
shaped or pressed in place and con- 
forms to the space, shape, or joint be- 
ing filled. Pricing in small quantities 
is $17.85/roll for Type TYT200 and 
$12.15/roll for Type TYT250. 

Cole-Flex 

91 Cabot St. 

West Babylon, NY 11704 

(516) 249-6150 

> CIRCLE 824 


Vv VERSATILE RACK 
HOUSES SYSTEMS 


The Miracel multi-use industrial 
electronics rack is imbued with engi- 
neering features that enhance its 
versatility and ease of use. For exam- 
ple, the units’ doors can be opened 
180° in stand-alone or bayed-together 
versions. Also, the doors can be re- 
moved and/or reorientated from 
left- to right-hand hinging by one 
person. Metric and 19-in. compo- 
nents can be installed in dedicated or 
hybrid enclosures. A comprehensive 
range of accessories is available. 

Knurr USA Inc. 

1890 N. Voyager Ave. 

Simi Valley, CA 93063 

(805) 526-7733 

> CIRCLE 825 


Vv POTTING COMPOUND 
COOLS COMPONENTS 


A thermally conductive, electrically 
insulating epoxy system is available 
for casting, potting, and encapsula- 
tion applications. The EP30A0 sys- 
tem cures at room temperature or 
more rapidly at elevated tempera- 
tures. It offers an exceptionally low 
viscosity and can be cast or potted in 
variable cross-section thicknesses. 
Shrinkage after curing is minimal. 
Call for pricing and delivery. 

Master Bond Inc. 

154 Hobart St. 

Hackensack, NJ 07601 

(201) 843-8983 

> CIRCLE 826 
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“Salespeople are often helpful, 
but my industry publications 
tell me more of what 


I need to know.” 


Your salespeople can be 
effective when they get to seea 
customer or prospect. But, ona 
day-to-day basis, the buying influ- 
ences you need to reach turn to 
specialized industry publications 
for more of the important infor- 
mation that helps them make 
buying decisions. A recent study, 
conducted by the Forsyth Group, 
proves it. 

In the study, 9.823 business 
and professional buying influ- 
ences were asked what sources 
they find most useful in providing 
information about the products 
and services they purchase for 
their companies. The results were 
somewhat surprising. Overall, 
specialized business publications 
emerged as the source business 
people turn to first. In other 
words, trade magazines are where 
business goes shopping. 

Many other sources of infor- 
mation, including sales represen- 
tatives, direct mail and trade 
shows, have their place in the total 
marketing mix. But if you want to 
reach the highest number of quali- 
fied buyers at the lowest cost, 
specialized business publications 
are clearly the best choice. 

For a free copy of the study, 
please write to American Business 
Press, 675 Third Avenue, Suite 
400, New York, NY 10017 


Where business ABP 
goes shopping. 





Throw out the old and bring on the new, 
with Samtec’s 100”, 2mm and .O50" pitch 


surface mount socket and terminal strips, 
surface mount DIP and FLCC sockets and 


surface mount adaptors. 


Our full line of interconnects will give you 
the confidence to convert your boaras to 
100% surface mount. 


Say “Hello” to the future! 


Call 1-@OO-SAMTEC-9 for our new SMT Design Kit 
including Video, Handbook and Solution Guide. 
Circle reader service number for Solution Guide only. 
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PACKAGING & MATERIALS 


VW THIN-FILM PROCESS 
OFFERS 2-MIL SPACING 


Thin-film processing that allows 2- 
mil line spacing, as opposed to 4-mil 
spacing that’s possible with thick 
films, is provided by Kyocera Ameri- 
ca Inc.’s San Diego facility. The com- 
pany’s high-temperature applicable 
thin-film processing also permits 
brazing at up to 850°C with copper- 
silver for attachment of leads or 
components. Such brazing provides 
for improved pin or lead stability and 
strength during die attach compared 
with standard soldering. It can be 
performed on multilayer or cofired 
metallized packages for better adhe- 
sion of thin-film metallization. Call 
for pricing and delivery. 

Kyocera America Inc. 

Thin Film Div. 

8611 Balboa Ave. 

San Diego, CA 92123-1580 

(619) 576-2600 

> CIRCLE 827 


Vv FLEXIBLE CABINETS 
FILL SPECIAL NEEDS 


Cabinet needs, from standard con- 
figurations to custom requirements, 
can be filled without added cost or 
long waits by the Zero Guardian ex- 
tra-duty cabinets. The Guardian cab- 
inets can be designed in virtually any 
size and configuration in either steel 
or aluminum to solve special, and 
even severe, packaging require- 
ments. The units’ rugged welded 
construction and test-proven stan- 
dards compliance ensures their capa- 
bilities in EMI shielding and resis- 
tance to shock, moisture, fungus, 
and temperature extremes. Delivery 
is in from one to six weeks. Call for 
pricing. 

Zero Corp. 

Zero East Div. 

P.O. Box 128 

Monson, MA 01057-0128 

(413) 267-5561 

> CIRCLE 828 


Vv DESKTOP ENCLOSURE 
HOUSES CPUs 


The latest addition to a line of injec- 
tion-molded PC housings is the 
ATLC Series of desktop CPU enclo- 
sures. The units combine contempo- 
rary styling with improved EMI- 
shielding properties. Several inte- 
grator-friendly features include 
quick, ‘“‘one-screw” disassembly; a 
snap-out front bezel; and easy access 
for internal and external disc-drive 
mounting. Available with a 200-W 
power supply, the enclosures also 
have a second-fan option for Pen- 
tium-based systems. In addition, an 
optional conversion from desktop to 
mini-tower configuration is avail- 
able. Call for pricing and delivery 
data on all models and options. 

Palo Alto Design Group Inc. 

360 University Ave. 

Palo Alto, CA 94301 

(415) 327-9444 

> CIRCLE 829 


PACKAGING AND MATERIALS MANUFACTURERS 


256 Airport Industrial Dr. 


_ Ypsilanti, MI 48198 © 


= (819) 481-2200 


(BM) (CN) (CM) (GP) (IN) 


(RA) (VR) 
CIRCLE 669° 


_Enhane Mtn ing. 


a P.O. Box 1900 


Santa Rosa, CA 9 
(707) 525-7926 — — 
(ER) (LA) _ 
CIRCLE 675 


2 CIRCLE 681 


— Simi Valley, CA 93 

(805) 522-7955 _ 

(ES) (ER) (FR) 
CIRCLE Ser 


General Devices Co. Inc. Advar 
is So100 
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-CELESTICA. | 


Out of the blue, we’ve launched Celestica! It’s a brand-new name for one 














of the brightest stars in electronics: IBM Manufacturing in Toronto. 





Celestica — a billion-dollar enterprise with operations in Canada and 





the US, including the group known as IBM Power Systems. 









some of the world’s leading OEMs. And with a qualit 











system registere d to ISO 








CELESTICA. 


Partners in energy management 


™ Celestica is a registered trademark of IBM Canada Ltd. 
CIRCLE 249 FOR U.S. RESPONSE CIRCLE 250 FOR RESPONSE OUTSIDE THE U.S. 





EC ES 


Vv EMI/RFI GASKET 
CUTS INSTALLED COST 


A significant reduction in the overall 
cost of electromagnetic shielding 
gaskets is offered by the Peel ’n 
Shield system. The gaskets are 
claimed as the first to use automated 
production techniques to reduce 
both material and labor content of an 
installed EMI/RFI shield while still 
providing shielding effectiveness 
through 100 dB. A carrier and re- 
lease sheet system allows easy and 
precise positioning of gaskets on 
their intended surface. Call for pric- 


VW NO-CLEAN SOLDER 
IS FREE OF HALIDES 


A solder cream tolerates a wide 
range of process conditions and is 
formulated for high-reliability appli- 
cations. The halide-free NC40 solder 
cream leaves a minimum of residues, 
making automatic pin testing feasi- 
ble without cleaning. Any residues 
that do remain are clear, inert, and 
fall within the SIR and electromigra- 
tion requirements of Bellcore and 
IPC. An advanced solvent blend 
gives extended open time on screen 
printers. Call for pricing and deliv- 


VW MIL-SPEC CASES 
COME IN WIDE ARRAY 

Over 1200 standard sizes are avail- 
able in a line of MIL-SPEC water- 
tight aluminum cases. Special sizes 
are also available without tooling 
charges. All transit and combination 
cases are designed to meet MIL- 
STD-108 or MIL-T-28800. Enclosures 
are available with dual covers, 
shock-mount isolation, and a variety 
of other options. Hinged compart- 
ments are available in covers for 
storage of manuals, cables, or spare 
parts. Delivery is in four to six 


ing and delivery. ery information. weeks. Call for pricing. 
W.L. Gore & Associates Multicore Solders Inc. Instrument Enclosures 
555 Paper Mill Rd. 1751 Jay Ell Dr. 4088 South K St. 
Newark, DE 19714 Richardson, TX 75081 Tulare, CA 93274 
(800) 231-4364 (214) 238-1224 (209) 688-1100 
> CIRCLE 830 > CIRCLE 831 > CIRCLE 832 


Hoffman Engineering Co. 
900 Ehlen Dr. 

Anoka, MN 55303-7504 
(612) 421-2240 

(BM) (CN) (CM) (EM) (GP) 


(IN) (PT) (VR) (WT) (ER) (GK) 


(VE) (WN) 
CIRCLE 689 


HumiSeal 

P.O. Box 445 
Woodside, NY 11377 
(718) 932-0800 

(CC) 

CIRCLE 690 


Hybricon Corp. 

12 Willow Rd. 

Ayer, MA 01432 

(508) 772-5422 

(BM) (CM) (EM) (GP) (PT) 
(RA) (VR) 

CIRCLE 691 


I.M.R. Corp. 

Micro Electronic Research 
11132 E. Edison St. 
Tucson, AZ 85749 
(602) 749-1920 
(MP) (ES) (ER) (CE) (CC) 
(EN) (EA) (1K) (PC) (PM) (TF) 
CIRCLE 692 


Imtec Inc. 

One Imtec Lane 
Bellows Falls, VT 05101 
(802) 463-9502 

(FP) (FE) (LA) 

CIRCLE 693 


indium Corp. of America 
1676 Lincoln Ave. 

Utica, NY 13502 

(315) 768-6400 

(FL) (SA) (SO) 

CIRCLE 694 


Instrument Enclosures 
4088 South K St. 
Tulare, CA 93274 

(209) 688-1100 


PACKAGING AND MATERIALS MANUFACTURERS 


(CM) (EM) (IN) (MI) (PT) (WT) Simi Valley, CA 93063 


CIRCLE 695 


instrument Specialties 
Co. Inc 

P.O. Box A, Broad St. 

Delaware Water Gap, PA 
18327-0136 

(717) 424-8510 

(ER) (GK) (SE) (TB) (VE) 

CIRCLE 696 


Interlogic Industries 
85 Marcus Dr. 
Melville, NY 11747 
(516) 420-8111 

(CM) (GP) (IN) (RA) 
CIRCLE 697 


International Electronic 
Research Corp. 

135 W. Magnolia Blvd. 

Burbank, CA 91502 

(818) 842-7277 

(CM) (Ml) 

CIRCLE 698 


JMR Europe 

19320 Londelius St. 
Northridge, CA 91324 
(818) 993-4801 

(BM) (CM) (EM) (GP) (Ml) 
(RA) (EP) 

CIRCLE 699 


Johnson Matthey Inc. 
Electronics Div. 

10080 Willow Creek Rd. 

San Diego, CA 92131 

(619) 566-9510 

(EA) (IK) (TF) 

CIRCLE 700 


Keystone Electronics Corp. 
31-07 20th Rd. 

Astoria, NY 11105-2017 
(718) 956-8900 

(IN) 

CIRCLE 701 


Knurr USA Inc. 
1890 N. Voyager Ave. 


(805) 526-7733 


(BM) (CN) (CM) (EM) (IN) (Ml) 


(PT) (RA) (VR) (WT) (ES) 
(ER) 
CIRCLE 702 


Kyocera America Inc. 
Microelectronics Div. 

1740 Technology Dr. 
Suite 490 

San Diego, CA 95110 

(408) 437-8777 

(CM) (MP) (CE) 

CIRCLE 703 


Langley Div. 

Fleet Aerospace Co. 
310 Evelid Ave. 
San Diego, CA 92114 
(619) 264-3181 
(CN) (CM) (EM) (MI) (RA) 
(VR) (WT) 
CIRCLE 704 


Lanxide Electronic 
Components 
1300 Marrows Rd. 
Newark, DE 19714 
(302) 456-6300 
(MP) (MI) (RA) (MC) 
CIRCLE 705 


Lauren Mfg. Co. 

2228 Reiser Ave. S.E. 

New Philadelphia, OH 44663 
(216) 339-3373 

(GK) (EL) 

CIRCLE 706 


Lindgren RF Enclosures 
400 High Grove Blvd. 
Glendale Heights, IL 60139 
(708) 307-7200 

(CM) (EM) (PT) (ER) (MG) 
(RC) (VE) (WN) 

CIRCLE 707 


Loctite Corp. 

North American Group 
705 N. Mountain Rd. 
Newington, CT 06111 


(203) 278-1280 
(EA) 
CIRCLE 708 








Lytron Inc. 

55 Dragon Ct. 
Woburn, MA 01801 
(617) 933-7300 
(RA) 

CIRCLE 709 


Magnetic Shield Corp. 
740 N. Thomas Dr. 
Bensenville, IL 60106 
(708) 766-7800 

(ER) (MG) (RC) (SE) (TB) 
CIRCLE 710 


Markel Corp. 

P.O. Box 752 
Norristown, PA 19404 
(215) 272-8960 

(TB) 

CIRCLE 711 


Master Bond Inc. 

154 Hobart St. 
Hackensack, NJ 07601 
(201) 343-8983 

(ER) (CC) (EN) (EA) (PM) 
(RE) 

CIRCLE 712 


Mereco Technologies 
1505 Main St. 

West Warwick, RI 02893 
(401) 822-9300 

(ER) (GK) (CC) (EL) (EN) 
(EA) (IK) (PM) (RE) (SA) 
CIRCLE 713 


Meritec 

Div. of Associated 

Enterprises 
1359 Jackson St. 

P.O. Box 8003 
Painesville, OH 44077 
(216) 354-3148 
(ER) 

CIRCLE 714 
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Mideast Aluminum 
Industries | 

Route 130 

Dayton, NJ 08810-0248 

(908) 329-8000 

(CM) (GP) (IN) (RA) (VR) 

CIRCLE 715 


Miller-Stephenson 
Chemical Co. 

55 Backus Ave. 

Danbury, CT 06810 

(203) 743-4447 

(ER) (CC) (EA) (RE) 

CIRCLE 716 


Minico 

Div. of W.R. Grace Co. 
50 N. Harrison Ave. 
Congers, NY 10920 
(914) 268-9120 
(EA) (IK) (PC) (TF) 
CIRCLE 717 


Mitech Corp. 

1780 Enterprise Pkwy. 
Twinsburg, OH 44087 
(216) 425-1634 

(ES) (SE) 

CIRCLE 718 


Mobay 
A Bayer USA Company 
Plastics & Rubber Div. 
Mobay Rd. 
Pittsburgh, PA 15205-9741 | 
(412) 777-3800 
(EP) 
CIRCLE 719 


Monsanto Co. 

The Chemical Group 
800 N. Lindbergh Blvd. 
St. Louis, MO 63167 
(314) 694-2251 
(EM) (MF) (ER) 
CIRCLE 720 


(see p. 146 for key) 
(continued on p. 140) 













































You Need | 
Tree City U | 


¢ ity trees add the soft touch of nature 
to our busy lives. They cool our 
cities, fight pollution, conserve energy, 
give wildlife a home, and make our | 
neighborhoods more liveable. H 
The trees on city property, along | 
streets and in parks, are an essential part | | 
j 


NAN ntnnennnanngan, i 


of the urban forest. To keep these trees 
healthy and abundant, your town 
needs an organized program for 
their care...an annual action 
plan to plant and prune the 
city’s trees, and to main- 
tain their health. 

You can make a 
difference — by plant- 
ing and caring for trees 
in your yard and in 
your neighborhood, 
and by encouraging 
your City government's 
community forestry 
program. 

Support Tree City 
USA where you live. For 
your free booklet, write: 
Tree City USA, The 
National Arbor Day 
Foundation, Nebraska 
City, NE 68410. 


incienannosbinnetnnst0itenen MON ONE AN.” a 


The National 
¥ Arbor Day Foundation 





PACKAGING & MATERIALS 


‘Vv ROBUST SOLDER CREAM 
IS WATER-SOLUBLE 


A robust, water-washable solder 
cream is available for standard and 
extra-fine-pitch stenciling and 
screening. The Series 400ADV 
cream is insensitive to heat, allowing 
drop-in substitution for existing wa- 





ter-soluble solders as well as RMA- 
based solders. Features include ex- 
cellent brick definition and zero hot 
slump. Pitches from 50 to 12 mils can 
be screened without compromise, 
and screen life is 8 hours with no 
moisture pickup. Production quanti- 
ties are shipped in three days from 
receipt of order. Call for pricing. 
ESP 

14 Blackstone Valley Pl. 
Lincoln, RI 02865-1145 

(800) 338-4353 

> CIRCLE 833 


‘V MOLDING COMPOUND 
SUITS FO CONNECTORS 


The demanding materials require- 
ments for a wide range of injection- 
molded fiber-optic connectors are 
met by Radel A polyethersulfone 
(PES) molding compound. The Fiber 
Optic Dept. at8M’s Telecom Systems 








Group, Eatontown, N.J., selected the 
material for its ability to support 
critical alignments in units of mi- 
crons. In addition, the material 
meets Bellcore standards that in- 
volve a 30-day test with cycling be- 
tween —40 and +85°C. Call for pricing 
and delivery. 

Amoco Performance Products 

Ine. 

45300 McGinnis Ferry Rd. 

Alpharetta, GA 30202-3914 

(404) 772-8200 

> CIRCLE 834 





PACKAGING AND MATERIALS MANUFACTURERS 


Multicore Solders 
1751 Jay Ell Dr. 
Richardson, TX 75081 
(214) 238-1224 

(FL) (SO) 

CIRCLE 721 


Mupac Corp. 

10 Mupac Dr. 

Brockton, MA 02401 

(508) 588-6110 

(GP) (BM) (VR) (PT) (EM) 
(CM) 

CIRCLE 722 


NELCO 

3 Elm St. 

Walden, NY 12586 
(914) 778-2111 
(LA) (SU) 

CIRCLE 723 


NEPTCO Inc. 

30 Hamlet St. 
Pawtucket, RI 02861 
(401) 722-5500 

(ER) (FP) (FE) (LA) (SA) 
CIRCLE 724 


Norlabs 

a Div. of R.H. Carlson Co. 
41 Chestnut St. 
Greenwich, CT 06830 
(203) 531-5500 
(CC) (EL) (EN) (EA) (PM) 
(RE) 


CIRCLE 725 


Olin Hunt Conductive 
Materials 

1496 E. Francis St. 

Ontario, CA 91761 

(909) 947-2228 

(ER) (TF) 

CIRCLE 726 


Omega Shielding 
Products Inc. 

1384 Pompton Ave. 

Cedar Grove, NJ 07009 

(201) 890-7455 

(ER) (GK) (MG) (SE) 

CIRCLE 727 


Optima EPS 

2166 Mountain Industrial Blvd. 
Tucker, GA 30084 

(404) 496-4025 

(CN) (CM) (EM) (IN) (MI) (PT) 
(RA) (VR) (WT) (ER) (GK) 
CIRCLE 728 


PFT Inc. 

Hwy. 16 West 
Monon, IN 47959 
(800) 558-7297 
(IN) (RA) (VR) 
CIRCLE 729 


PacTec 

Div. of LaFrance Corp. 
Enterprise & Executive Aves. 
Philadelphia, PA 19153 
(215) 365-8400 
(GP) (IN) (PT) (EM) (CM) (ER) 
CIRCLE 730 


Pacific Microelectronics 
Corp. 

10575 S.E. Cascade Blvd. 

Portland, OR 92223 

(800) 622-5574 


(CM) (MP) (WT) (CE) (SU) 
(TF) 
CIRCLE 731 


Pacific West Enclosures 
1370 Logan Ave., Suite A/B 
Costa Mesa, CA 92626 
(714) 957-3158 

(ER) (FR) (RC) (VE) 
CIRCLE 732 


Palo Alito Design Group 
360 University Ave. 

Palo Alto, CA 94301 
(415) 617-9623 

(CM) (GP) (EP) 

CIRCLE 733 


Panduit Corp. 

17301 S. Ridgeland Ave. 
Tinley Park, IL 60477-0981 
(800) 777-3300 

(TB) 

CIRCLE 734 


Panel Controls Corp. 
1000 Mt. Elliot 

Detroit, MI 48207 
(313) 568-2400 

(RA) (VR) 

CIRCLE 735 


Parker Seal 
Conductive Products 

P.O. Box 11751 

Lexington, KY, 40512 

(800) 272-7537 

(ER) (GK) (EL) (SA) 

CIRCLE 736 


Penstock Inc. 

520 Mercury Dr. 
Sunnyvale, CA 94086-4018 
(408) 730-0300 

(CM) (MP) (Ml) 

CIRCLE 737 


Permagile Industries Inc. 
Insulcast Div. 

101 Commercial St. 

Plainview, NY 11803 

(516) 349-1100 

(EL) (EN) (EA) (PM) (RE) 

CIRCLE 738 


Philips Components 
Discrete Products Div. 
2001 W. Blue Heron Bivd. 
Riviera Beach, FL 33404 
(407) 881-3208 

(CE) (MM) 
CIRCLE 739 


Phoenix Mecano Inc. 
Bopla Enclosures 
7330 Executive Way 
Frederick, MD 21701 
(301) 696-9300 
(BM) (CN) (EM) (IN) (PT) (RA) 
(ER) (GK) 
CIRCLE 740 


Plaskon Electronic Materials 
A Rohm & Haas Co. 

Independence Mall West 

Philadelphia, PA 19105 

(215) 592-2095 

(EN) 

CIRCLE 741 


Pneumafil Corp. 
Metal Products Div. 
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4500 Chesapeake Dr. 
Charlotte, NC 28297 
(704) 399-7441 2 
(CN) (CM) (EM) (GP) (MI) 
(RA) (VR) (WT) (ES) (ER) 
(GK) 

CIRCLE 742 


Powerbox Inc. 
1720 14th St. 
Boulder, CO 80302 
(303) 444-1461 
(IN) 

CIRCLE 743 


Premier Metal Products Co. 
381 Canal PI. 

Bronx, NY 10451 

(718) 993-9200 

(BM) (CN) (CM) (EN) (GP) 
(IN) (PT) (RA) (VR) 

CIRCLE 744 


Pulizzi Engineering Inc. 
3260 S. Susan St. 
Santa Ana, CA 92704-686 
(714) 540-4229 

(BM) (CM) (EM) (GP) (MI) 
(PT) (RA) (VR) (ER) 
CIRCLE 745 


Quadrant Technology Inc. 
999-C Edgewater Blvd. #277 
Foster City, CA 94404 

(415) 349-3095 

(MP) 

CIRCLE 746 





Qualitek International Inc. 
315 Fairbank St. 

Addison, IL 60101 

(708) 628-8083 

(EA) (FL) (SO) 

CIRCLE 747 











Quantum Materials Inc. 
9938 Via Pasar 

San Diego, CA 92126 
(619) 695-1716 

(EA) (IK) (TF) 

CIRCLE 748 


Quartzite Processing Inc. 
6 Holyoke St. 

Malden, MA 02148 

(617) 322-3611 

(CE) 

CIRCLE 749 


R.H. Carlson Co. Inc. 
Norlabs Div. 

41 Chestnut St. 

Greenwich, CT 06830 

(203) 531-5500 

(CC) (EN) (EA) (PM) (RE) 

CIRCLE 750 


RTP Co. 

580 E. Front St. 

Winona, MN 55987-0439 
(800) 433-4787 

(EP) 

CIRCLE 751 


Radstone Technology Corp. 
20 Craig Rd. 

Montvale, NJ 07645 

(201) 393-2700 

(CM) (EM) (MI) (RA) (WT) 
CIRCLE 752 


(see p. 146 for key) 
(continued on p. 142) 
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QUALITY OF PROCESS 


QUALITY OF OBJECTIVE 


In fact, we’re the first domestic 
capacitor maker to earn ISO 9001 
registration. We did it by continually 
keeping your needs in our sights. 

Our Company-Wide Quality 
Concept includes continual 
monitoring of your satisfaction with 
our present products and services. 

To create new products to meet 
your needs, we utilize the KEMET 
Advanced Quality Planning System. 
It’s thoroughly based on the per- 
formance levels and operating 
specs you establish for your new 
products — and it drives our design, 
development, and manufacture of 
new KEMET products. 

To score big against your com- 
petition, team-up with a trading 
partner that stays in front by 
putting you first. KEMET. 


We Help You Hit Your Targets. 


KEMET 


CE aa 
Electronics Corporation 


P.O. Box 5928 Greenville, SC 29606 
803/963-6348 


US.A., Newport Beach, CA, Phone: (714) 640-9320, FAX: (714) 720-9807; Irving, TX, Phone: (214) 556-0009, 
FAX: (214) 401-0254; Schaumburp, IL, Phone: (708) 517-1030, FAX: (708) 517-1037: Wakefield, MA, 
Phone: (617) 245-4646, FAX: (617) 245-1595; Greenville, SC, é 2 -5795; 
EUROPE, wintery: Phone: 41-22-738-4244, FAX: 41-22-738-3! ss . 

9-46-04- 117: France, Phone: 33-1-46-87-70-95, FAX: 331 06-63; United Kingdom: 
Phone: IR TSTIS FAX: 44-279-757-188; ASIA, Hong , Phone: 852: 70 9638, FAX: 852-770-5656; 
sn toneres Phone: 65-227-2225, FAX: 65- 227-2224: ‘alwan ROC, Phone: 886-2-752-8585, 
FAX: 886-2-721-3129; Korea, Phone: 82-02-599-7131, FAX: 82-02-533- 8089 


CIRCLE 273 FOR U.S. RESPONSE 
CIRCLE 274 FOR RESPONSE OUTSIDE THE US. 





PACKAGING & MATERIALS 


‘Vv LOW-FORCE EMI GASKETS 
TERMINATE THEMSELVES 


Specifically designed for commercial 
electronic enclosures and metallized 
plastic housings, the Soft-Shield II 
EMI gaskets are self-terminating 
devices that require low closure 
forces. The gaskets provide 60-dB at- 
tenuation from 30 MHz to 1 GHz. 
Less than 1 lb./in force is required 
for the gaskets’ foam core to seal an 
opening. This enables enclosures to 
be designed with fewer fasteners 
and thinner panels. Seven standard 
cross sections are offered as are cus- 


Vv PIN FIN HEAT SINKS 
COOL INTEL’S PENTIUM 


A family of direct-mount pin fin heat 
sinks is designed for use with Intel’s 
Pentium processor, 21-by-21-mm 
PGAs, and other high-performance 
ICs requiring enhanced heat dissipa- 
tion. Maximum heat transfer of up to 
18 W is possible in applications with 
limited air flow and space. The 698 
Series heat sinks yield forced convec- 
tion sink-to-ambient thermal-resis- 
tance values of 1.4°C/W at 100 lfm 
and 0.75°C/W at 400 lfm. Delivery of 
four standard models is from stock. 


VW PANELS SHIELD 
PCB-MOUNT CONNECTORS 

Shielding of pe-board-mounted I/O 
connectors is performed by a line of 
panels constructed of urethane foam 
bonded within metallized fabric. The 
panels supply millions of electrical 
contact points and an excellent me- 
chanical fit. Cutouts in the panels 
match connector cutouts and sizes. 
The panels, which are mounted be- 
tween the backfence and chassis, at- 
tach to the backfence by means of an 
aggressive pressure-sensitive adhe- 
sive. Under minimal compression, 


tom shapes. Call for pricing and de- _— Call for pricing. the panels close gaps around the pe- 
livery information. EG&G Wakefield rimeter of the connector shell. 
Chomerics Inc. Engineering Inc. Schlegel Corp. 
77 Dragon Ct. 60 Audubon Rad. P.O. Box 238197 
Woburn, MA 01888 Wakefield, MA 01880 Rochester, NY 14692-3197 
(617) 935-4850 (617) 245-5900 (800) 828-6237 
> CIRCLE 835 > CIRCLE 836 > CIRCLE 837 






Ray Products Co. Inc. 
11565 Federal Dr. 

El Monte, CA 91731 
(818) 579-4250 

(CM) (IN) (PT) (ER) 
CIRCLE 753 


Resdel Corp. 

Cape May County Ind. Park 
Rio Grande, NJ 08242 
(609) 886-1111 

(EM) (GP) (TB) 

CIRCLE 754 


Revere Aerospace Inc. 
845 N. Colony Rd. 
Wallingford, CT 06492 
(203) 269-7701 

(ER) 

CIRCLE 755 


Ribbon Cable Co. 

8753 Lion St. 

Rancho Cucamonga, CA 
91730 

(714) 987-0007 

(ER) 

CIRCLE 756 


Richmond Technology Inc. 
1897 Colton Ave. 

Redlands, CA 92374 

(909) 794-2111 

(ES) (ER) 

CIRCLE 757 


Rittal Corp. 

One Rittal Pl. 

Springfield, OH 45504 
(513) 399-0500 

(CN) (EM) (GP) (IN) (MP) 
(PT) (RA) (VR) (WT) 
CIRCLE 758 


Robison Electronics Inc. 

3580 Sacramento Dr. 

San Luis Obispo, CA 
93403-8121 

(805) 544-8000 

(PM) 

CIRCLE 759 


PACKAGING AND MATERIALS MANUFACTURERS 


Rogers Corp. 
Composite Materials Div. 

One Technology Dr. 

Rogers, CT 06263 

(203) 774-9605 

(LA) 

CIRCLE 760 


Rogers Corp. 
Microwave & Circuit 
Materials 

100 S. Roosevelt Ave. 

Chandler, AZ 85226 

(602) 961-1382 

(LA) 

CIRCLE 761 


Rogers Corp. 

Molding Materials Div. 
P.O. Box 550 
Manchester, CT 06040 
(203) 646-5500 
(EP) 

CIRCLE 762 


Rogers Corp. 

Poron Materials Div. 
P.O. Box 158 
E. Woodstock, CT 06244 
(203) 774-9605 
(GK) (SE) 
CIRCLE 763 


SIMCO 

P.O. Box 1009 

Miami, FL 33197 

(305) 233-9900 

(GP) (IN) (PT) (ER) (EP) 
CIRCLE 764 


SMI Ceramics America Inc. 


2953 Bunker Hill Ln. #203 
Santa Clara, CA 95054 
(408) 982-0990 

(MP) (ER) (CE) 

CIRCLE 765 


Santa Fe Textiles Inc. 
16951 Murphy Ave. 
Irvine, CA 92714 

(714) 251-1960 


(ER) (TB) 
CIRCLE 766 


Sauereisen Cements 
160 Gamma Dr. 
Pittsburgh, PA 15238 
(412) 963-0303 

(EN) (EA) (PM) 
CIRCLE 767 


Schaffner EMC Inc. 
9 Fadem Rd. 
Springfield, NJ 07081 
(201) 379-7778 

(ER) 

CIRCLE 768 


Schlegel Corp. 

Industrial Products Div. 
P.O. Box 23197 
Rochester, NY 14692-3197 
(800) 828-6237 
(ES) (ER) (GK) 
CIRCLE 769 


Schroff Inc. 

170 Commerce Dr. 
Warwick, RI 02886 

(401) 732-3770 

(BM) (CN) (EM) (GP) (IN) 
(PT) (RA) (VR) 

CIRCLE 770 


Sescom Inc. 

2100 Ward Dr. 

Henderson, NV 89015-4249 
(702) 565-3400 

(BM) (GP) 

CIRCLE 771 


Shin-Etsu Polymer 
America Inc. 

34135 7th St. 

Union City, CA 94587 

(510) 475-9000 

(EL) (1K) (MM) 

CIRCLE 772 





287 Northern Bivd. 

Great Neck, NY 11021 
(516) 466-0911 

(BM) (CN) (CM) (GP) (IN) 
(PT) (ES) (FR) (MG) (EL) 
(EP) (EA) (LA) 

CIRCLE 773 


Specialty Coating 
Systems Inc. 

5707 W. Minnesota St. 

Indianapolis, IN 46241 

(317) 244-1200 

(CC) 

CIRCLE 774 


Spira Mfg. Corp. 

12721 Saticoy St. South 
North Hollywood, CA 91605 
(818) 764-8222 

(ER) (GK) 

CIRCLE 775 


Stevens Products Inc. 
128 N. Park St. 

East Orange, NJ 07019 
(201) 672-2140 

(CM) (MI) (ER) (TB) (EP) 
(LA) (PM) 

CIRCLE 776 


Strongbox 

P.O. Box 2726 

Culver City, CA 90231-2726 
(310) 305-8288 

(CM) (GP) (MI) (RA) 
CIRCLE 777 


Sumitomo Metal Mining 
USA Inc. 
Boston Office 

12 Alfred St., Suite 300 

Woburn, MA 01801 

(617) 932-6208 

(CE) (MM) (TF) 

CIRCLE 778 


TRA-CON Inc. 
55 North St. 
Medford, MA 02155 
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Shogyo International Corp. (617) 391-5550 





(ES) (ER) (GK) (CE) (CC) 
(EN) (EP) (EA) (IK) (PM) (RE) 
CIRCLE 779 


Taiyo America Inc. 


- 1179 Fairview Dr., Suite E 


Carson City, NV 89701 
(702) 885-9959 

(IK) (SM) 

CIRCLE 780 


Techform Laboratories Inc. 
2021 N. Glassell St. 

Orange, CA 92665 

(714) 921-9054 

(CC) (EN) (EA) (PM) 
CIRCLE 781 


Techmar Corp. 

5420 McConnell Ave. 
Los Angeles, CA 90066 
(800) 832-4627 

(IN) 

CIRCLE 782 


Technit Inc. 

129 Dermody St. 
Cranford, NJ 07016 
(908) 272-5500 

(ER) (GK) (VE) (WN) 
CIRCLE 783 


Temp-Flex Cable Inc. 

11 Depot St. 

South Grafton, MA 01560 
(508) 839-5987 

(ER) 

CIRCLE 784 


The Carborundum Co. 
Microelectronics Div. 

10409 S. 50th Pl. 

Phoenix, AZ 85044 

(602) 496-5000 

(CE) (SU) 

CIRCLE 785 


(see p. 146 for key) 
(continued on p. 144) 


_ Werenot 
just number one 
in the world... 
we're number 
ISO 9002! 


In today’s global marketplace your suppliers 
have to be more than number one. They have 
to have an ISO 9000 number, too! 

That’s why at Littelfuse we give you both. 

Our most recent certification of our 
Centralia, Illinois facility to ISO 9002 by 
INTERTEK is our second U.S. facility and our 
fourth facility worldwide to have earned ISO 
9000 registration. No other U.S. circuit pro- 
tection fuse manufacturer can claim to have 
certified even one of its domestic facilities. 

To our customers, the ISO 9002 certifica- 
tion of our small dimension and surface 
mount fuse manufacturing facilities in Cen- 
tralia, Illinois and in Washington, England 
serve as independent confirmation that 
Littelfuse is better able to meet your quality 
systems expectations. 

. Our goal is to certify all Littelfuse facil- 
ities worldwide. It’s part of our commitment 
to achieving Six Sigma quality and provid- 
ing “Total Customer Satisfaction.” If 
y you'd like more information 
about how Littelfuse 
ISO registration, 
Six Sigma quality 
objectives and 
“Total Customer Satis- 
faction” programs can 
, meet your needs, call us 


1-708-824-0400 Au: . 
atmos szecsoo T7A4 Littelfuse 


Littelfuse Inc. 
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POWER SOURCES 


V 3-BY-5-IN. SWITCHER 
HITS 120-W PEAK 


Modifications and semi-custom de- 
rivatives are available for a family of 
3-by-5-in. universal-input ac-de 
switchers. Units are available from 
50 to 120 W as well as in 150-, 250-, 
and 350-W product families. Semi- 
custom and modified units don’t 
compromise existing safety-agency 
approvals. The company’s Easymod 
service enables as few as 100 units 
per year to be modified to specific 
user needs. Normal turnaround for 
prototypes is less than four weeks 
with production lead time at six 
weeks after approval. Call for pric- 
ing. 

Power Solutions Ine. 

EKasymod Applications 

4699 N. Federal Hwy. 

Pompano Beach, FL 33064 

(516) 627-5628 

> CIRCLE 838 


VY MONOLITHIC DRIVERS 

SUIT MOTOR CONTROL 
Claimed as the industry’s only mono- 
lithic driver ICs rated for 80-V, n- 
channel power-MOSFET H bridges, 
the HIP4080 (input comparator) and 
HIP4081 (four independent inputs) 


driver ICs suit motor controls, power 
supplies, audio amplifiers, and unin- 
terruptible power supplies. The ICs 
offer twice the operating voltage, 
five times the drive capability, and 10 
times the PWM frequency of its 
nearest competitor. The units handle 
80 V at 2.5 A while switching into a 
1000-pF load at 1 MHz with typical 
rise and fall times of 10 ns. This 
translates into lower switching 
losses and permits use of smaller, 
less costly filter components. In lots 
of 1000, the HIP4080 and HIP4081 
cost $3.50 in 20-lead plastic DIPs and 
$3.71 in 20-lead SOICs. Delivery is 
from stock. 

Harris Semiconductor 

P.O. Box 883 

Melbourne, FL 32901 

(800) 4-HARRIS 

> CIRCLE 839 


Vv LOW-PROFILE CONVERTER 
TAKES 80-V SURGES 


A low-profile, 5-W de-de converter 
with a 5.2-V output offers an input- 
voltage surge rating of 80 V. The 
MSA 285R2S converter’s output en- 
ables designers to drive ECL compo- 
nents at optimal speed, or to accom- 
modate voltage drops to the load, 





without adding any external compo- 
nents. The high input-voltage tran- 
sient rating (to 80 V for 50 ms) meets 
MIL-STD-704 requirements and 
eliminates the need for separate in- 
put-protection circuitry. Input volt- 
age is rated for 16 to 40 V de with line 
and load regulation typically rated at 
10 mV. The converter’s low 0.265-in. 
height enables designers to use mini- 
mal board-to-board spacing and to 
reduce overall system size. Pricing in 
lots of 100 is $243 with delivery from 
stock to six weeks. 

Interpoint Corp. 

P.O. Box 97005 

Redmond, WA 98073-9705 

(206) 882-3100 

> CIRCLE 840 


PACKAGING AND MATERIALS MANUFACTURERS 


W. L. Gore & Associates Inc. Wilson Case Inc. 


Thermagon Inc. 

3256 W. 25th St. 
Cleveland, OH 44109-1668 
(216) 741-7659 

(EL) (EN) (EA) (SU) 
CIRCLE 786 


Trans Tech America Inc. 
655 W. Wise Rd. 
Schaumburg, IL 60193 
(708) 893-7521 

(IK) 

CIRCLE 787 


Transene Co. Inc. 

Rte. 1 Tpke. 

Rowley, MA 01969 

(508) 948-2501 

(CC) (EL) (EN) (EA) (PC) 
(PM) 

CIRCLE 788 


UVEXS Inc. 

580 N. Pastoria Ave. 
Sunnyvale, CA 94086 
(408) 737-7100 

(EN) (EA) (IK) 
CIRCLE 789 


Underwater Kinetics 
1020 Linda Vista Dr. 

San Marcos, CA 92069 
(619) 744-7560 

(CM) (EM) (GP) (IN) (MI) 
(PT) (WT) (ES) (ER) (GK) 
(VE) (EL) (EP) (RE) 
CIRCLE 790 


Uniroyal Technology Corp. 


Uniroyal Adhesives 
& Sealants 
312 N. Hill St. 
Mishawaka, IN 46544 
(219) 256-8655 
(EA) 
CIRCLE 791 


Uniroyal Technology Corp. 


Ensolite Div. 
312 N. Hill St. 
Mishawaka, IN 46544 
(219) 256-8177 
(GK) 
CIRCLE 792 


Urban Chemical Co. Inc. 
151 S. Pfingsten Rd. 
Deerfield, IL 60015 

(708) 498-3080 

(CC) (FL) (SO) 

CIRCLE 793 


Vector Electronic Co. 
12460 Gladstone Ave. 
Sylmar, CA 91342 

(800) 426-5659 

(BM) (CM) (EM) (GP) (IN) 
(RA) 


CIRCLE 794 


Vemaline Products 

333 Strawberry Field Rd. 
Warwick, RI 02887-6979 
(401) 739-7600 


(HS) 
CIRCLE 795 


Videojet Systems Int'l. Inc. 
1500 Mittel Blvd. 

Wood Dale, IL 60191 

(800) 654-4663 

(IK) 

CIRCLE 796 


Vista Performance Polymers 


900 Threadneedle 
Houston, TX 77079 
(713) 588-3515 
(EP) 

CIRCLE 797 


Vynckier Inc. 

Hwy. 22 North, P.O. Box 910 
Mankato, MN 56002-0910 
(507) 345-2572 

(BM) (GP) (IN) (PT) (AR) 
(WT) 


CIRCLE 798 


W. L. Gore & Assoc. 
Electronic Products Div. 

555 Papermill Rd. 

Newark, DE 19711 

(302) 738-4880 

(ER) (GK) (SE) (VE) (LA) 

(SU) (TF) 

CIRCLE 799 


Electronic Products Div. 
4755 E. Beautiful Ln. 
Phoenix, AZ 85044 
(602) 431-0077 
(ER) (GK) (RC) (LA) 
CIRCLE 800 


W. L. Gore & Associates Inc. 


Electronics Products Div. 
2401 Singerly Rd. 

P.O. Box 1220 
Elkton, MD 21922 
(410) 398-6400 
(ER) (GK) (SE) (VE) 
CIRCLE 801 


Wamco Inc. 

W. A. Miller Co. Inc. 
Mingo Loop, P.O. Box 337 
Oquossoc, ME 04964-0337 
(800) 227-1415 
(BM) (CM) (GP) (IN) (PT) 
(RA) (WT) 

CIRCLE 802 


Wieland Inc. 

466 Main St. 

New Rochelle, NY 10801 
(914) 633-0222 

(RA) 

CIRCLE 803 
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Industrial Park East, Bldg. 37 
P.O. Box 1106 

Hastings, NE 68902-1106 
(800) 322-5493 

(CM) (IN) (MI) (PT) (WT) 
CIRCLE 804 


Woodbine Industries Inc. 
1574 Bridgewater Rd. 
Bensalem, PA 19020 
(215) 638-7600 

(BM) (CN) (CM) (EM) (GP) 
(Ml) (PT) (RA) (VR) (WT) 
(ER) 

CIRCLE 805 


Z Systems Inc. 

3080 Olcott St., #110 C 
Santa Clara, CA 95054 
(408) 980-1563 

(MP) (SU) 

CIRCLE 806 


Zero Stantron Cabinets 
12224 Montague St. 
Pacoima, CA 91331-2226 
(818) 890-3445 

(BM) (CN) (CM) (EM) (GP) 
(IN) (RA) (VH) (WT) 
CIRCLE 807 


(see p. 146 for key) 
(continued on p. 146) 
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have an ultra low power sleep mode. Quality: 
SMART has ISO 9001 certification in process. 
Reliability: Rugged mechanical design. Fortune 
500 Qualified manufacturing. Versatility: We 
ave whole families of all the card types you 
see here. JEIDA/JEDEC DRAM cards, too And 
we'll handle custom cards from start to finish. 
SMART. The company to call for PCMCIA. 


ae 


{ 


45531 Northport Loop West, Fremont, CA 94538 
Tel: 510.623.1231, Fax: 510.623.1434 


1.800.536.1231 , 


POWER SOURCES 


VW THIN BATTERIES DRIVE 

APPLE’S POWERBOOK 
The ThinLine batteries from Porta- 
ble Energy Products Ine. are at the 
heart of Technéggin Inc.’s Power- 
Plate rechargeable power systems 
for Apple’s PowerBook laptop com- 
puters. The systems are thin, light- 
weight battery packs that offer up to 
five times the life of the Power- 
Books’ internal batteries alone. The 
ThinLine energy cells use sealed 
lead chemistry and provide from 40 
to 60% higher energy density than 
earlier batteries made with the same 
technology. Call for pricing and de- 
livery information. 

Portable Energy Products Inc. 

940 Disc Dr. 

Scotts Valley, CA 95066 

(408) 439-5100 

> CIRCLE 841 


Vv GTO THYRISTORS 

NEED SMALLER SNUBBERS 
A de-alloy process technique used in 
the fabrication of the FG2000EX- 





90D (4500 V/4000 A) GTO thyristors 
enables the use of smaller snubber 
capacitors for lower system cost and 
improved thermal capacities. Finer 
cathode patterns also contribute to 
the shift to smaller capacitors. The 
GTO devices are designed for use in 
inverters for application on rapid- 
transit systems and utility power ap- 






50D (2500 V/2000 A) and FG4000CX- 


paratus as wel as large industrial ac- 
motor controls. Typical pricing in 
lots of 10 is $1883 for the 2500-V de- 
vices and $4300 for the 4500-V types. 
Prototype quantities are delivered in 
four to six weeks. 

Powerex 

Allis St. 

Youngwood, PA 15697 

(412) 925-4488 

> CIRCLE 842 


7 TINY 1-W CONVERTERS 

TAKE MINIMAL SPACE 
Reliable performance is coupled 
with minimum space consumption in 
the 100FS Series of ultra-miniature 
1-W de-de converters. The single-in- 
line packaged devices take just 0.18 
in.” of board space. Eleven models 
operate from 5 or 12 V de and provide 
single and dual outputs of 5, 9, 12, 15, 
+5, +12, or £15 V de. All offer 500- 
V dc I/O isolation, high efficiency, 
and low-noise operation. In lots of 
100, pricing starts at $8.40. Delivery 
is from stock to four weeks. 

Conversion Devices Ine. 

15 Jonathan Dr. 

Brockton, MA 02401 

(508) 559-0880 

> CIRCLE 843 


Vv 500-W CASED SWITCHERS 
HAVE WIDE OUTPUTS 

A compact, low-profile case size of 
2.45 by 5.0 by 9.4 in. with output pow- 
er of up to 500 W is offered by the Un- 
iflex XN series of switchers. The 
supplies have a 5-V main output at 60 
or 70 A and up to three auxiliary out- 
puts that are adjustable over wide 
voltage ranges. The auxiliary out- 
puts are quickly configured to user 
requirements from three standard 
modules: 2 to6 V deat 90 W;5to15V 


de at 150 W, and 15 to 36 V de at 150 
W. From these modules, any combi- 
nation of output voltages can be con- 
figured from 2 to 36 V de. Alloutputs 


are independent and isolated. Power 


density is 4.8 W/in.? with internal 
cooling by a 60-mm dc ball-bearing 
fan. Unit prices start at $455 with 
OEM quantities at $319. Samples are 
available in two weeks with produc- 
tion lots delivered in eight weeks 
from receipt of order. 

Unipower Corp. 

2981 Gateway Dr. 

Pompano Beach, FL 33069 

(305) 974-2442 

> CIRCLE 844 


v STEP-UP CONVERTERS 
POWER PORTABLES 

Delivering 250 mA of output current 
at 5 V from a 2-V supply, the LT1300 
de-de converter has applications in 
palmtop computers, portable instru- 
ments, hand-held bar-code scanners, 
and other portable systems. The de- 
vice provides up to 88% efficiency 
from supplies as low as 1.8 V. Quies- 
cent current is 120 A and the device 
can be shut down to 10 pA of standby 
current. It’s programmable for 3.3-V 
or 5-V output by means of a logic- 
controlled input pin. The on-chip 
power switch has a saturation volt- 
age of 170mV ataswitch current of 1 
A, which represents a four-fold re- 
duction from earlier de-de convert- 
ers. Pricing for the 8-pin DIP version 
is $3 in lots of 100. An SOIC version 
costs $3.20. Samples are available 
now. 

Linear Technology Corp. 

1630 McCarthy Blvd. 

Milpitas, CA 95035-7487 

(800) 637-5545 

> CIRCLE 845 


PACKAGING AND MATERIALS MANUFACTURERS 





Zero-East 


Van Nuys, CA 91406 


KEY 


Zen Plastics (818) 780-1800 (EL) 
E 

288 Main St. (BM) (CM) (EM) (GP) (IN) a ee (EN) 
Monson, MA 01057-0128 (RA) (VR) (ER) (CN) Consoles (EP) 
(413) 267-5561 CIRCLE 810 (CM) Custom design (EA) 
Sacems  Zymet ing (EM) EMI/RFidesign pp 
7 Great Meadow Ln. (GP) General ee (FE) 

Zippertubing Co. East Hanover, NJ 07936 any desea t ences (FL) 

ax Box 61129 (201) 428-5245 (MP) Microcircuit packages (IK) 
os Angeles, CA 90061 (EA) (Ml) Military design (LA) 
(310) 527-0488 CIRCLE 811 (PT) Roriahic (MM) 
(EM) (MI) (ER) (MG) (SE) (RA) Racks (MC) 
a ing ala (VR) Vertical racks (MF) 
(WT) Water tight (PC) 

Zoltech Corp. Materials (PM) 

16658 Arminta St. (CE) Ceramics 


Conformal coatings 


(RE) Resins 


Elastomers (SA) Seals 
Encapsulants (SO) Solders 
Engineering plastics (SM) Solder masks 
Epoxies & adhesives (SU) Substrates 
Films, piezo (TF) Thick films 
Films, polyester 
Films, polyimide Shielding 
Fluxes (ES) Electrostatic 
Inks (ER) EMI/RFI 
Laminates (FR) Ferrites 
Magnetic materiais (GK) Gaskets” 
Metal matrix com- (MG) Magnetic 
posites (RC) Rooms, chambers — 
Metalized fabrics (SE)  Sheets/strips 
Passivation coatings (TB) Tubing 
Potting materials (VE) Vents 

WN) Windows 
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‘Vv CUSTOM CONNECTORS 

FIT HP’S KITTYHAWK 
Custom connectors are now avail- 
able for users of Hewlett Packard’s 
Kittyhawk personal storage module. 





The connectors enable designers to 
efficiently mount either the 21.4- or 
42.8-Mbyte versions of the 1.3-in. 
hard-disk drive directly on pc boards. 
Two connector solutions are offered. 
The IC6 Series is for the PCMCIA- 
connector models, while the HRUS- 
0170 Series is a 6-mm-high, 2-mm- 
pitch through-hole socket that en- 
ables the ATA version of the drive to 
be mounted in an inverted manner. 
Call for pricing and delivery. 

Hirose Electric (U.S.A.) Inc. 

2688 Westhills Ct. 

Simi Valley, CA 93065 

(805) 522-7958 

> CIRCLE 902 


Vv SEM-E CONNECTOR 

OFFERS LIGHT WEIGHT 
A lightweight, low-cost plastic SEM- 
E-style connector has joined a family 
of high-density printed-circuit con- 
nectors. Available in both through- 
hole-mount receptacle and surface- 





mount plug styles, the 152-contact 
devices cost about half as much as 
competing metal-shelled units. They 
suit high-reliability commercial sig- 
nal-interconnect applications that re- 
quire a high pin count ina very small 
area. Each of the 152 contacts offers 
a curent rating of 2.5 A with a con- 
tact resistance of less than 126 mf. 





The connectors are rated for a dielec- 
tric withstanding voltage of 600 V ac 
with insulation resistance of 5000 
MQ at 500 V de. OEM pricing is less 
than $90 per mated pair. Prototype 
quantities are delivered in less than 
30 days. 

Packard-Hughes Interconnect 

17150 Von Karman Ave. 

Irvine, CA 92714 

(800) 821-2998 

> CIRCLE 903 


‘Vv LOW-FORCE SOCKET 
ACCEPTS LARGE PGAs 

PGA devices with 200 or more pins 

can be inserted by hand into the UI- 

tra Lite low-insertion-force sockets. 

Thanks to a fourth-generation con- 





tact specifically designed for the 
socket, demonstrated insertion 
forces are a low 0.58 ozs/pin while 
extraction forces are 0.39 ozs/pin. 
The socket is suited for use with 
high-pin-count devices such as RISC 
processors and multichip modules, 
which now carry some 400 pins and 
are expected to have well over a 
thousand in the next few years. Call 
for pricing and delivery. 

Mill-Max Mfg. Corp. 

190 Pine Hollow Fd. 

Oyster Bay, NY 11771 

(516) 922-6000 

> CIRCLE 904 


Vv TERMINAL BLOCKS 
STACK END-TO-END 


A modular, interlocking terminal- 
block connector is available for appli- 
cations in process- and traffic-con- 
trol equipment; telecommunication 
equipment; and HVAC, fire-alarm, 
and security systems. The Termi- 
Blok connector comes in one-piece 
right-angle and vertical pcb-mount 
versions and two-piece plug versions 
with mating headers. Connectors are 
stackable end-to-end without loss of 
their 0.200-in. centerline spacing. 
Screw-clamp contacts accept 24 to 12 
AWG solid or stranded wire with en- 
try parallel to the screw. Pricing in 
lots of 5000 is $0.22 per line for the 





one-piece version and $0.37 per line 
for the two-piece version. Delivery is 
in one to four weeks. 

AMP Ince. 

P.O. Box 3608 

Harrisburg, PA 17105-3608 

(800) 522-6752 

> CIRCLE 905 


Vv DUAL-ROW SMT CONNECTOR 
MEETS MIL-C-83513 SPECS 


A dual-row, surface-mount connec- 
tor offers 0.050-in. centers and is 
based on the company’s Flex Pin de- 
sign. It features a one-piece stamped 
contact with an integral tail. De- 
signed to meet MIL-C-83513 specifi- 
cations, the connectors’ rear is 
sealed with epoxy to protect the con- 
tact from solder wicking. Guide 
posts for alignment and/or keying 
are available. Male and female ver- 
sions are offered with up to 97 con- 
tacts. In the 97-contact configura- 
tion, the connector is just 2.77 in. 
long including its mounting ears. 

Omnetics Connector Corp. 

7260 Commerce Circle East 

Minneapolis, MN 55432-3103 

(612) 572-0656 

> CIRCLE 906 


‘Vv VIDEO PATCH JACKS 
HAVE 720-MHZ BANDWIDTH 

An extended bandwidth of de to 720 
MHz is now offered by a line of 75-2 
video patch jacks. With the addition 
of the J24WHF, a high-frequency 
version of the J14 Series of normal- 
through patch jacks (BNC rear inter- 
face), the line is suited for serial digi- 
tal applications. Also offered is the 
self-terminating model J24WTHF-75 
dual coax patch jack. Typical return 
loss for the connectors is greater 
than 40 dB through 720 MHz. Call for 
pricing and delivery information. 

Trompeter Electronics Inc. 

P.O. Box 5069 

Westlake Village, CA 91362-4047 

(818) 707-2020 

> CIRCLE 907 
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12 Turn Trimmer From Spectrol 
is Only 1/4” Square 





Save space and money with the compact, 
economical Model 74 from Spectrol. The 
cermet element assures excellent setting 
stability over a resistance range of standard 
values from 10 ohms through 1 megohm. 
Resistance tolerance is rated + 10%. Model 74 
is available in 3 pin styles for top or side 
adjustment and also features solder plated 
terminals, a Tempco of +100 ppm/°C, and a 
CRV of 3% or 3 ohms. The case is sealed to 
withstand 85°C for one minute during solvent 
Or aqueous Cleaning. Manufactured to meet the 
highest reliability standards, the Model 74 is 
environmentally and performance tested to 
MIL-STD-202 and MIL-R-22097. 


Spectral 


Spectrol Electronics Corporation 
4051 Greystone Drive, Ontario, CA 91761 
Phone: (714) 923-3313 Fax: (714) 923-6765 
CIRCLE 181 FOR U.S. RESPONSE 
CIRCLE 182 FOR RESPONSE OUTSIDE THE US. 


1/4” Round Single-Turn Trimmer 
Meets MIL Spec 





Spectrol’s new 1/4” round single-turn cermet 
trimmer, the Model 75, offers three package/ 
terminal styles to choose from. The unit is 
available in side-adjust or two different top- 
adjust versions, with pin configurations to suit 
standard PCB applications. This low-cost 
Space-saver is available in resistance ranges 
from 10 ohms to 2 megohms with a +10% 
resistance tolerance. It features soldered 
terminations, integral multifinger wiper, 
superior setability and stability, a TEMPCO of 
+100 PPM/°C, a CRV of 3%, and is sealed for 
solvent and aqueous cleaning. Tested to 
MIL-R-22097. 


Spectro!) 


Spectrol Electronics Corporation 
4051 Greystone Drive, Ontario, CA 91761 
Phone: (714) 923-3313 Fax: (714) 923-6765 
CIRCLE 205 FOR U.S. RESPONSE 
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VW WIREWOUND RESISTORS 
ARE COMPACT, PRECISE 
Standard accuracy of 0.01%, a stan- 
dard temperature coefficient of 5 
ppm/°C, stability of better than 


0.003%/year, and compact size are 
featured in the R-21A miniature en- 
capsulated wirewound resistors. 
Measuring only 1/4 in. in diameter 
and 3/8 in. long, the resistor is well 
suited for applications requiring 
high stability and precision as well as 
small size. Standard resistance val- 
ues range from 100 © to 150 kQ. 
Standard accuracy is +0.01% for val- 
ues of 1k and higher, and 0.05% 
or 0.1% for values lower than 1kQ. 
Call for pricing and delivery. 

Julie Research Laboratories Inc. 

508 W. 26th St. 

New York, NY 10001 

(212) 633-6625 
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v THIN-FILM NETWORKS 
WON’T WASTE SPACE 


ca A 








A series of precision, thin-film SIP 
resistor networks is offered as a 
complement to the company’s DIP 
and SMT precision-network lines. 
The 670 Series combines the electri- 
cal performance of precision thin 
film with the space savings of a sin- 
gle in-line package. All networks in 
the series exhibit an excellent track- 
ing-temperature coefficient of 2 
ppm/°C and ratio matches to 
+0.02%. Standard circuits include 
both isolated and center-tapped con- 
figurations. Pricing starts at under 








$1.50 in lots of 1000. Delivery is from 
stock to eight weeks. 

Beckman Industrial Corp. 

4200 Bonita Pl. 

Fullerton, CA 92631 

(714) 447-2349 
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‘Vv SNAP-MOUNT CAPACITORS 
SUIT POWER SUPPLIES 

To meet the demand for autoranging 
input voltages and power-factor cor- 
rection in switching power supplies, 
both of which require input-bus volt- 
ages of near 400 V dc, Cornell Dubi- 
lier has expanded its line of high-val- 
ue, snap-mount aluminum capaci- 
tors. Types 380L/LX and 381L/LX 
offer ratings of 450 V de at 105°C, 
case sizes from 20 mm in height and 
20 mm in diameter, and ripple-cur- 
rent ratings to 10 A. Capacitance- 
voltage combinations range from 
470 wF and 450 V de through 68,000 
uF and 16 V de. Pricing ranges from 
$0.75 to $5 each in lots of 1000. Deliv- 
ery is from stock to 12 weeks. 

Cornell Dubilier 

P.O. Box 128 

Pickens, SC 29671 

(803) 878-6311 
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‘VW DOUBLE-LAYER CAPS 

BACK UP MEMORIES 
A range of double-layer capacitors is 
designed for power backup in semi- 
conductor systems for devices such 
as CMOS memories. The DLC 196 ca- 


pacitors are a reliable, cost-effective 
alternative to rechargeable batter- 
ies. They offer a very high charge- 
storage capacity per unit volume of 
about 2 C/em*. Standard versions 
range from 0.047 to 1 F with a rated 
voltage of 5.5 V and operating-tem- 
perature range of -25 to +70°C. 
Write for pricing and delivery. 

Philips Components 

Building BAE-1 

P.O. Box 218 

5600 MD Eindhoven 

The Netherlands 
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Vv CRYSTAL OSCILLATORS 

SUIT WORLDWIDE USES 
Three models form the International 
Series of crystal oscillators. The de- 
vices offer form, fit, and function re- 





placement i: in many applications 
worldwide. Two models offer such 
high- ‘performance features as ultra- 
low phase noise and high stability. A 
low-profile version features a maxi- 
mum height of 13 mm. Standard fre- 
quencies are delivered from stock 
and pricing ranges from $145 to $365 
in quantities of 100. 

Milliren Technologies Inc. 

Two New Pasture Rd. 

Newburyport, MA 01950 

(508) 465-6064 
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VY SMT CHIP RESISTOR 

OFFERS HIGH PRECISION 
Excellent long-term stability of 
0.005% for 2000 hours is offered by 
the SMR3 molded precision surface- 





mounted resistor. The devices’ per- 
formance is similar to that of the 
company’s $102 through-hole prod- 
ucts. Use of a Bulk Metal foil resis- 
tive element results in a very low 
temperature coefficient of resis- 
tance and high stability. Values 
range from 52 to 80k0. Tolerance is 
specified at 0.01%. Welded internal 
leads result in a device that with- 


stands significant thermal cycling. 
Call for pricing and delivery. 

Vishay Resistors 

63 Lincoln Hwy. 

Malvern, PA 19355 

(215) 644-1300 

> CIRCLE 913 


‘V SURFACE-MOUNT TRIMMER 
SAVES BOARD SPACE 


The search for a miniature, multi- 
turn trimming potentiometer may 








ee with the Model | 3224 rin io. 


vice. The unit measures just 16 mm? 
as compared with 36 mm? for compet- 
ing products, saving 50% more board 
space. The sealed component with- 
stands [R-reflow or vapor-phase pro- 
cesses and is also available for 
through-the-wave soldering process- 
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es. The 11-turn device has a rotation- 
al life of 200 cycles. A broad range of 
values is offered from 10 9 to 2 MQ. 
Pricing is $1.98 in lots of 1000. Deliv- 
ery is from stock to eight weeks. 

Bourns Inc. 

1200 Columbia Ave. 

Riverside, CA 92507 

(909) 781-5140 
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Vv SMT CHIP CAPACITORS 
SLASH LEAD TIMES 


Reduced lead times are now offered 
for a complete line of surface-mount- 
ed chip capacitors. Delivery is now 
from stock to a maximum of three 
weeks. The extremely thin ceramic 
capacitors (0.5 mm maximum) can be 
mounted underneath PLCCs and 
SOJs used with SIMMs. They can 
also be used on multichip modules 
and come in four EIA sizes. 

Circuit Components Inc. 

2400 S. Roosevelt St. 

Tempe, AZ 85282 

(602) 967-0624 
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INTRODUCING OUR. 


WEST FAMILY OF 
EXTERNAL SWITCHERS. 








From the leader in External Power! ¢ Universal input 90-265 VAC ¢ High efficiency * Foldback 
and short circuit protection ¢ Inrush limiting * No load requirement * 100% burned in * FCC 
Class B and VDE 0871 Class B emissions * UL 1950, CSA 22.2 No. 223, TUV EN60950, IEC 
950 approved » Low profile non-vented case * Three year warranty * Sub $30.00 pricing. 


MAX. OUTPUT 

MODEL WATTS VDC AMPS 
SW108KA0012F01 29 +5 0-5.0 
SW109KA0012F01 25 +9 0-2.78 
SW110KA0012F01 25 +12 0-2.08 
SW111KA0012F01 25 +15 0-1.67 
SW112KA0012F01 25 +16 0-1.56 
SW113KA0012F01 25 +24 0-1.05 
SW201KA0012F01 25 «+0, +12 0-4.0, 0-1.0 


SW301KA0012F01 
OTHER MODELS AVAILABLE 


Order now and get the best for less! 


50, 100 1%, t5% 
29 +5,+12,-12 0-4.0,0-1.0,0-6 5,100,100 +1%, +5%, +6% 


RIPPLE 
mV P-P REGULATION 





50 +1% 
50 +1% 
90 11% 
90 +1% © 
50 +1% 
50 11% 


AULT 


ISO 9001 CERTIFIED 


Call 1-800-899-1823 Fax 612-493-1911 
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SWITCHES & RELAYS 


VW SINGLE-POLE KEYSWITCH 
MEETS DEMANDING USES 


A versatile, high-performance key- 
switch is designed to meet the most 
demanding requirements. The K12 
Series devices are wave-solderable, 
single-pole switches with gold con- 
tacts. Features include momentary, 






push-push, two make-point contacts; 
optional tactile feedback and operat- 
ing force; variable travel; optional 
LED illumination and keycaps; and 
an available washdown version. Pric- 
ing ranges from $1.10 to $6.56 de- 
pending on quantity and style. 

ITT Schadow Ine. 

8081 Wallace Rd. 

Eden Prairie, MN 55344 

(612) 934-4400 
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Buyer in Trouble #99 
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Losing the Golf War 


"Rocky. This new catalog's not only got transformers, 
it's got golf balls guaranteed to go 400 yards. Don't 
scream, Rocky. I didn't know Prem had a new catalog. 


VW 50-W POWER SWITCH 
HAS 750-V BREAKDOWN 


wn 








A miniature, SPST, normally open 
magnetic reed switch is designed for 
applications where high breakdown 
voltage is combined with power-load 
switching. The MRPR-8 switch has 
contacts rated at 50 W with a mini- 
mum breakdown voltage of 750 V de. 
That breakdown voltage is midway 
between available switches with 250- 
and 1000-V de ratings. Switch opera- 
tion is facilitated by either a coil or a 
permanent magnet. Delivery is from 
stock to four weeks. Call for pricing. 

Hamlin Ine. 

612 E. Lake St. 

Lake Mills, WI 53551 

(414) 648-3000 
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W SMT DIP SWITCHES 

MAKE MOST OF PCB SPACE 
Available in 2, 4, 6, 8, and 10 positions 
and in standard small-outline pack- 
ages, the CHS Series of surface- 
mounted DIP switches maximize use 
of board space, reduce end-product 





all costs. The recently added 2- and 
10-position versions (CHS02 and 
CHS10, respectively) feature a 0.050- 
in. lead pitch and are sealed with 
tape. Gull-wing and J leads are avail- 
able. The CHS02 and CHS10 DIP 
switches cost $1.74 and $2.71, respec- 
tively, in lots of 1000. 

Mepcopal 

11525 Sorrento Valley Fd. 

San Diego, CA 92121 

(800) 548-1763 
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Multidrop Operator Interface 


eee 
xo 


For Industrial 
Applications 


¢Easy-to-read 4x20 display. 
*Tactile 40- or 24-key keypad. 


«Programmable LEDs for status 
indicators, and operator alert. 


¢ Operates full-duplex, or in half- 


duplex / block mode. 


¢ RS-485, multidrop RS-422, or RS-232, 
RS-422, or RS-423 interface. 


«Every key programmable with host 


But think about it, Rocky, 400 yards... 
(CLICK!) Rocky?? Hello...Hello... 


I really shoulda called Prem. 
You oughta call Prem!” 


data, local data and commands. 


¢ Inexpensive batteries supply power for 
months; can also be externally powered. 


QTERM-IV ¢22 Kbytes for user data storage; 
$295 @e 48 macros for easy menus; autoexec string 


— . (1-6) for easy power-on setup. 
= PREM yp 


4 ¢FREE! Custom labeling of logo, top keys, 
Where Quality Really Counts! 





LED labels make this a part of your product! 


eh) 


CORPORATION 
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2212 South West Temple, #46 
Salt Lake City, UT 84115 « USA 
Telephone: 801-466-8770 
(Fax: 801-466-8792) 


For Prem’s new catalog or additional product information, call or write 
Prem Magnetics, Inc., 
3521 North Chapel Hill Road, McHenry, IL 60050. 
Phone: 815-385-2700. FAX: 815-385-8578. 
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Controlled Impedance Ground Plane Interconnects 

(GPI™) are Designed to Exceed 1 GHZ System Speeds 

Meritec’s new Ground Plane Interconnects are engineered to match impedance and propagation 
rate while minimizing crosstalk. The assemblies 
are impedance matched from the board through 
the assembly to reduce signal-to-signal crosstalk. 
The assemblies are designed for CMOS, ECL or 
GaAs logic and can handle system speeds ex- 
ceeding | GHZ with 35 pico second rise times. 
A spring latch connects the termination to the 
housing or to Meritec's Single Signal Carrier 
Systems (SSC™), which allow grouped inter- 
facing with single, dual or triple row headers. 
Precision, high strength molded terminations are 
highly reliable in critical applications. 


Circle 134 


































Digital and analog 
interconnect systems 
that maximize board 
density and budget. 


IF you need speed and performance in a 
digital or analog interconnect system but 
have a limited budget turn to Meritec. 
Meritec digital and analog interconnect 
systems are designed to meet the require- 
ments of electrically sensitive applications 
using high speed CMOS, ECL or GaAs logic. 
Our systems are engineered to provide 
controlled impedance and propagation 
delay while minimizing crosstalk. You get ship 
to stock quality, backed up with technical 
service and applications support All at a cost 
that’s well in line with tight project budgets. 


For more information and free literature 
on the complete line of Meritec digital 
and analog interconnect systems, 

call 216-354-3148. 


MERITEC™ 


Where quality assures performance 
1359 West Jackson Street 
PO. Box 8003 

Painesville, Ohio 44077 
Phone: 216-354-3148 
FAX: 216-354-0509 
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Single Signal Interconnects 
Offer High Performance in a 
Subminiature Package 





Meritec's economical 1x2 and 1x3 Single Sig- 
nal Interconnects (SSI™) are designed for 
.100" x .100" applications using subminia- 
ture coax cable. The assemblies are engi- 
neered to match application requirements for 
controlled impedance and propagation rate 
while minimizing crosstalk. The assemblies 
are designed for CMOS, ECL or GaAs logic. 
A spring latch connects the termination to the 
housing or to Meritec's Single Signal Carrier 
Systems (SSC™), which allow grouped in- 
terfacing with single, dual or triple row head- 
ers. Precision, high strength molded termi- 
nations are highly reliable in critical applica- 
tions. Boxed contacts with thermo resistance 
welding provide the ultimate in electrical 
continuity. 


Circle 135 


Impedance Matched 
SCSI Cable Assemblies _ 





Meritec's 68 position SCSI female to female 
cable assemblies are designed for applications 
requiring high speed, performance and reli- 
ability. Standard cable impedances of 50, 75 
and 95 ohms are available. The low profile 
connectors are terminated to FEP cable and 
overmolded for strain relief to provide for 
bused grounds to customer designated pins. 
Terminations are mass soldered for high 
reliabily. In addition to the female to female 
configuration, male to male and male to fe- 
male versions are available on standard SCSI 
.050" x .100" spacing. 


Circle 136 








PRODUCT INNOVATION 


Cache Cache 
buffer 0 buffer 1 


Bus-master 
host 
interface 


Enhanced 
| bus-master 
| chip 


RISC 
processor script RAM 


1. THE DMA CHIP on this controller board facilitates 40-Mbyte/s data transfers. It 
can handle up to eight channels and features two sets of address and control lines for 
communications with truly independent memory banks. Also, the chip takes the command 
scripts prepared by the local processor and transfers the data between the buffer memory 
and the system memory or SCSI channels. 





SCSI DIsK-ARRAY CONTROLLER 
BOARD HANDLES RAID AND CAN 
Pass DATA AT 40 MBYTES/S. 


CONNECT DISK ARRAYS 
TO EISA OR PCI BUSES 


RICHARD NASS 





ard-disk drives are being pushed to their limit as more data 
moves around the computer platform or network. Disk ar- 
rays are an alternative, but that doesn’t necessarily solve 
the problem because data must be shuttled in and out of the 
array at high speeds. One approach is to connect the array 
to a SCSI or PCI interface, but a high-speed adapter is re- 
quired to completely optimize the connection from the array to the host, 
typically a PC LAN file server. That’s where the DA-2788, DA-2988, and DA- 
4988 boards step in. 

These high-speed disk-controller boards, developed by BusLogic Inc., 
work with redundant arrays of inexpensive disks (RAID). The 2788 and 2988 
are two-channel boards that work with the EISA and PCI buses, respective- 
ly. The 4988 is a four-channel PCI implementation. The two-channel boards 
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hold 14 drives, while the four-chan- 
nel version handles up to 28 drives. 
There’s no limit to the capacity of the 
drives as long as they employ a 32-bit 
logical block address, with each logi- 
cal block containing 512 bytes. The 
three controllers support all RAID 
levels, including 0, 1, 8, and 5. 
They’re configured for Novell 
NetWare, MS-DOS, and Microsoft 
Windows. Soon to come are operat- 
ing-systems support for Windows 
NT, Unix, and OS/2. 

The controllers are built with a 
highly integrated DMA chip that 
passes data between the drives and 
the controller at 40 Mbytes/s (al- 
though it’s only 10 Mbytes/s across 
the SCSI interface). The controllers, 
which act like traffic cops, speed op- 
eration by allowing concurrent par- 
allel data transfers. The DMA con- 
troller can handle up to eight chan- 
nels. Six of the channels communi- 
cate with six SCSI buses; the other 
two are for host data transfers and 
disk-array parity calculations. Each 
controller also contains two sets of 
address and control lines to commu- 
nicate with truly independent memo- 
ry banks, allowing one bank to trans- 
fer data between the buffer and the 
system memory while the other bank 
moves data over the SCSI bus (Fig. 
1). Each bank can transfer data con- 
currently at a maximum rate of 40 
Mbytes/s. 


INTELLIGENT DMA 

The DMA chip is built with intelli- 
gence, almost like a processor. It 
takes all of the command scripts pre- 
pared by the local processor for the 
DMA controller and transfers data 
between the buffer memory and the 
system memory or SCSI channels. 
The command script for each chan- 
nel is built into local memory as an 
independent command. This means 
that the DMA controller chip can si- 
multaneously handle up to eight 
command scripts per DMA channel. 
In addition, the local processor al- 
ways knows where memory is avail- 
able in the buffer so the command 
scripts can be set up in the local mem- 
ory for each DMA channel. 

When the command script is set 
up, the local RISC processor grants 
the DMA chip permission to execute 
it. Then the DMA chip fetches the 
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commands and sets up an address 
pointer to do all of the transfers 
automatically. This dramatically re- 
duces the RISC processor’s over- 
head. As a result, the processor can 
spend more time managing the disk 
array. 

Within the DMA controller is a 
parity buffer to implement parity 
logic. As a result, data can be 
fetched, calculated, and transferred 
to the buffer and all the parity 
fetches can be handled by the local 
processor. 

On the host side of the controller, 
the SCSI-channel chip handshakes 
with the DMA chip at 40 Mbytes/s. 
As aresult, the DMA bus can multi- 
plex between multiple SCSI chan- 
nels without causing a bottleneck. 
The SCSI chip can handle 8- or 16-bit 
data, with the 16-bit capability allow- 
ing for an easy upgrade to wide SCSI 
(which operates at 20 Mbytes/s). 
Aside from upgrading the firmware, 
the only other change required when 
implementing wide SCSI would be to 
move from a 50-pin connector to one 
with 68 pins. 

The fourth major component on 
the board is a bus-master chip that 
has ports for six buses. The chip is 


Netware-1 Netware-2 
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2. A GRAPHICAL USER INTERFACE IS BUNDLED with BusLogic’s 
DA-2788, DA-2988, and DA-4988 controller boards. The interface is divided into local and 


designed to fetch a command packet 
at the controller’s maximum speed to 
minimize command overhead. It also 
allows data to be handled in a pipe- 
lined fashion—while one segment is 
being processed, the next can be set 
up as a Stand by. As soon as the cur- 
rent segment is complete, the next 
segment starts without any setup 
time. 


FLEXIBLE FIRMWARE 

The controller’s firmware must be 
flexible enough so that any RAID 
level can be employed without caus- 
ing an incompatibility problem. Dur- 
ing power-up, the firmware executes 
an extensive diagnostics routine, 
then interfaces with the on-board 
BIOS. This alerts the controller as to 
whether the array had been initial- 
ized or if it consists of raw drives. 
Whatever the case, the firmware 
prompts the user through the cor- 
rect procedure. 

When running in the system, the 
firmware emulates a host-adapter 
card. Thus, from an operating-sys- 
tem point of view, it’s seen as a host- 
adapter card. The system doesn’t 
know that it’s connected to an array. 
Because of that, the firmware must 
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network levels. Each node on the network is represented by an icon and a name. From this 
screen, the user can gain configuration information or monitor the status of each node on 


the network. 
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be able to handle all of the host- 
adapter card’s features as well as in- 
terface to all device drivers without 
any modification. Because the firm- 
ware is incorporated into the host 
adapter, a separate controller board 
is eliminated. 

A feature of the controller is its 
ability to swap drives without power- 
ing down the array (hot swapping). 
The firmware periodically scans ev- 
ery drive to detect errors. If an error 
occurs, the user is notified immedi- 
ately. If a hot swap is needed, the 
firmware can reissue all of the cur- 
rent pending commands, thus main- 
taining data integrity. 


EASY INSTALLATION 


The configuration utilities are de- 
signed so that if the user isn’t famil- 
iar with disk arrays, the installation 
goes through a default setup. 
There’s an optimized set of default 
parameters for each operating sys- 
tem. After entering the correct oper- 
ating system, the hardware will con- 


figure itself. If users have experi- 
ence with disk arrays, they can fine- 
tune each parameter. Then 
initialization starts, giving each 
drive the proper parity. 

The entire installation process ac- 
tually takes under a minute. Initial- 
ization only has to be done once. Af- 
ter that, the system will boot auto- 
matically. Once the system is booted, 
a user interface is activated, which, 
depending on the operating environ- 
ment, is either character- or graphi- 
cally-based. 

The graphical interface is divided 
into two segments—a local level and 
a network level. Each node on the 
network is represented by an icon 
anda name (Fig. 2). For example, if a 
company had a different array for 
each department, each would re- 
quire a separate node at the network 
level. 

To access information about a 
node on the network, the user just 
double clicks on that icon. From this 
screen, the operator can either 





change the configuration or monitor 
the status. The user screen is config- 
ured such that when a failure occurs, 
the user is immediately alerted. The 
network-management software lets 
users monitor any node on the net- 
work from any other node, regard- 
less of the operating system. Users 
can even monitor nodes across dif- 
ferent operating systems.L] 


PRICE AND AVAILABILITY 
The two-channel EISA board (DA-2788) 
sells for $1495. The two- and four-channel 
PCI boards (DA-2988 and DA-4988) go for 
$1795 and $2095, respectively. All will sam- 
ple in the first quarter of next year, with 
production starting in the second quarter. 
Controllers for Micro Channel, the VL- 
Bus, anda four-channel EISA version will 
soon follow. 
BusLogic Inc., 4151 Burton Dr., Santa 
Clara, CA 95054; (408) 492-9090. 
CIRCLE 525 
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How VALUABLE? 
HIGHLY 


MODERATELY 
SLIGHTLY 





rod Gtalecerenecaae 
security in the smallest 
package available! 


YOU'VE NEVER SEEN A SWITCHLOCK 
LIKE THIS ONE BEFORE! 


fits 12mm opening 
all plastic housing 
sJarcvopsbameutelenalevarcy 
anti-static > 20 KV 


pbated (cme Coleley (cm ere) (op yoaleduucaexey-yusceyel 


10) pm Goya Vana D) om exaare pbatss 
custom keys 

e wire leads available 

e Camlocks also available 
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or free engineering samples 
Call (800) 334-7729 or 
Fax (919) 553-4758. 


& @ C&K Components, 
OW acolavaelalinarse a Oli aisiiele) 
2035 Highway 75 East 
(Ol Wicolanan | Ome-ahey-4ereclelel) 


The Primary Source Worldwide... 


Talon 





Manufactured in the USA: MA, NC; and Worldwide: Hong Kong, England, Costa Rica 
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RAMDAC 
Host : é 


computer 


VRAM frame 
buffer Optional 


video 
coprocessor 





WITH AN ON-CHIP DRAWING ENGINE, VL and PCI-bus interfaces, and 
SVGA and frame-buffer controllers, the Weitek Power 9100 is able to deliver over 25 million 
WinMarks at 24 bits/pixel. The controller/accelerator requires only an external RAMDAC, a 
VRAM-based frame buffer, and, as an option, the Video Power coprocessor to enhance 
digital-video multimedia applications. 


A GRAPHICS CONTROLLER AND 
ACCELERATOR GIVES PCs THE LOOK 
AND FEEL OF A WORKSTATION. 


CHIP SET DELIVERS FAST 
GRAPHICS, DIGITAL VIDEO 


DAVE BURSKY 





Ss more and more programs depend on high-resolution graphical user inter- 
faces such as Windows, OS/2, Windows NT, etc., the graphic display subsys- 
tem becomes one of the computer’s performance bottlenecks. Screen resolu- 
tions and colors are now achieving 1280-by-1024-pixel resolutions with 24-bit 
true color, or 1600-by-1280-pixel resolutions with 16-bit color, so moving pixels on the screen 
must be done quickly. However, bringing up fresh data from memory or performing window 
movements requires not only high-speed buses like the VESA VL-bus or the Peripheral Com- 
ponent Interconnect (PCI) bus, but also high-performance controllers/accelerators. 

Both high-performance buses and acceleration logic have been unveiled during the last cou- 
ple of years, with each generation bringing slightly higher resolution and faster image move- 
ment. Now Weitek has come up with the Power 9100 controller/accelerator IC and the Video 
Power coprocessor, a two-chip moderately-priced solution that can give VL- or PCI-bus PCs 
graphics and digital-video performance typically seen on RISC workstations. Furthermore, 
the coprocessor supports multiple video data streams, which suits the circuit well for handling 
video-conferencing applications. 

The Power 9100 controller can accelerate 8-, 15-, 16-, 24-, and 32-bit/pixel transfers, and draw 
lines and polygons at full video-RAM (VRAM) bandwidths. The 208-lead chip also performs 
bit-block transfers (bitBLTs) from screen to screen at the full VRAM bandwidth, and from 
host to screen (with color expansion) at up to 50 MHz (200 Mbytes/s with a 32-bit interface). 

The companion 160-lead Video Power circuit adds multimedia video capabilities to the 
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graphics system, with full-screen 
TV-quality video playback of images 
and with resolutions of up to 1280-by- 
1024 pixels at 30 frames/s. Further- 
more, the coprocessor provides a 
seamless interface since the chip’s 
features are accessed at the graphi- 
cal-user-interface device-driver lev- 
el, not at the application level. 

The Power 9100 contains a super 
VGA controller, a drawing engine, 
frame-buffer control logic, and 
VESA VL and PCI host-bus inter- 
faces. The controller supports either 
32- or 64-bit-wide RAMDACs at 
speeds of up to 200 MHz (see the fig- 
ure). In one configuration with 4 
Mbytes of video memory, rather 
than the 8 Mbytes previously need- 
ed, the Power 9100 can run fully ac- 
celerated 24-bit true-color displays 
with resolutions as high as 1280 by 
1024 pixels, and deliver a throughput 
of more than 25 million WinMarks at 
24 bits/pixel—not the 8 bits/pixel 
typically quoted (WinBench version 
3.11 on a 60-MHz Pentium VL-bus 
system). 

In contrast, the company’s previ- 
ously released Power 9000 controller 
is optimized for 8-bit color and thus 
delivers only about 8 million Win- 
Marks in true-color mode, but deliv- 
ers 60 million WinMarks in the 8-bit 
color mode. The simpler circuit 
doesn’t include the SVGA controller, 
the VLand PCI bus interfaces, or the 
ability to fully accelerate 24-bit color. 
Since its original release, the Power 
9000 driver software has been im- 
proved such that the newest versions 
deliver a 50% performance boost 
over the initial release. A companion 
chip, the Power 9001, provides a PCI- 
bus interface, simplifying PCI-com- 
patible card design with the lower- 
cost Power 9000. 

By adding the Video Power chip 
for asmall incremental cost, systems 
based on the Power 9100 can have 
full-screen, 30-frame/s digital video 
rather than the quarter- or eighth- 
screen-size (820-by-240-pixel or 160- 
by-120-pixel) and 10 to 15 frames/s 
typically available with software- 
only schemes. The circuit also sup- 
ports all the leading compression/ 
decompression formats, including 
Intel’s Indeo, Supermac’s Cinepak, 
Media Vision’s Captain Crunch, 
MPEG, and motion JPEG. 
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To handle all the popular formats, 
designers at Weitek found a set of 
common functions that could be inte- 
grated on the coprocessor—interpo- 
lative scaling, color-space conver- 
sion, and dithering. By implement- 
ing those functions in hardware, dig- 
ital video can produce high-quality 
full-screen (1280-by-1024-pixel and 
24-bit color) images at 30 frames/s. 
Furthermore, they added a two- 
channel frame-buffer controller— 
one channel handles the on-chip pixel 
processor and the other channel sup- 
ports the VESA Media Channel. 

To deliver the 25 million-plus Win- 
Marks with 24-bit color, the Power 
9100’s internal drawing engine pro- 
vides automatic clipping against 
window and screen edges, and sup- 
ports patterning, plane masking, 
and Boolean operations on pixels 
during drawing. A directly-mapped 
linear frame buffer allows the CPU 
to efficiently access frame-buffer 
memory without banking schemes. 

At the heart of the Power 9100 lies 
both a parameter engine and a draw- 
ing engine. The parameter engine 
prepares drawing operations for ex- 
ecution by the drawing engine. It 
takes input coordinates from the 
host and converts them to a form us- 
able by the drawing engine. Input 
parameters include the X and Y ver- 
tices of polygons, and the corners of 
bitBLT regions. The parameter en- 
gine tests the vertices against win- 
dow and screen boundaries, tests for 
exceptions, and performs trivial re- 
jection. Finally, it transfers com- 
mands that pass these tests to the 
drawing engine, which then renders 
the command into the frame buffer. 

Working independently of the 
drawing engine, the parameter en- 
gine can accept parameters fora new 
operation while the drawing engine 
is busy executing the previous com- 
mand. Four types of polygons are 
prepared by the parameter engine— 
quadrilaterals, triangles, lines, and 
points. Furthermore, the engine co- 
ordinates bitBLTs from screen to 
screen or from host to screen. 

Once a command is passed to the 
drawing engine, the drawing engine 
does three basic tasks—it draws 
quadrilaterals (the quad operation), 
triangles, lines, or points; it per- 
forms screen-to-screen bitBLTs; and 
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it performs host-to-screen bitBLTs. 
The quad operation treats triangles, 
lines, and points as special cases of 
the quadrilateral (a quadrilateral 
with one or more identical vertices). 

These “special cases” can always 
be rendered correctly. The drawing 
engine, though, is unable to draw 
convex quadrilaterals in a horizontal 
position (bow tie format), but can 
draw them vertically (hourglass ap- 
pearance). However, even though 
bow-ties can’t be drawn directly, 
driver software typically decom- 
poses the image into two triangles. 

Screen-to-screen bitBLTs are very 
straightforward, with the drawing 
engine just copying a rectangular 
area of the display from one screen 
location to another. Two choices ex- 
ist within the host-to-screen bitBLT 
mode: Pixell and Pixel8. The Pixell 
operation takes monochrome, 1-bit/ 
pixel data from the host, expands the 
pixels internally to the current pixel 
depth (typically by assigning the 
foreground and background colors 
to One and Zero bit states), and 
writes the bits to the frame buffer. 
Up to 82 pixels can be transferred to 
the Power 9100 in a single word. The 
Pixel8 operation takes in color pixels 
with depths of 8, 16, or 382 bits, 
packed as four, two, or one pixel/ 
word, respectively, and writes them 
to the frame buffer. 

The use of a dual-ported VRAM- 
based frame buffer maximizes sys- 
tem performance. Although a 
VRAM is more expensive than a 
DRAM, the dual ports allow the 
pixel-data-output port to update the 
display while new data is transferred 
in through the memory’s random-ac- 
cess port. Two banks of VRAM can 
be interleaved to maximize video- 
memory data transfers, yet they 
eliminate the need to use wide, 64-bit 
buses. As a result, system bus over- | 
head is minimized. 

By sharing the frame buffer, the 
Video Power chip can send its im- 
ages directly to a display window— 
that reduces both cost and system 
complexity while maximizing sys- 
tem performance. The circuit also 
supports the VESA Media Channel, 
a peer-to-peer multi-master bus stan- 
dard for real-time data streams. The 
channel allows more multimedia 
hardware to be added to the system. 
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Included on the coprocessor is an 
interpolative scaling engine that em- 
ploys two-dimensional digital filter- 
ing to size the images to any desired 
size. Interpolation provides better 
quality than the more-commonly 
used pixel-replication schemes. Scal- 
ing resolution is 1/4096 of the input 
pixel spacing while accuracy is to 
within 1/8 of an input pixel space. 

Additionally, the circuit performs 
color-space conversion from all pop- 
ular formats—YUV 4:4:4, 4:2:2 
(CCIR 601), 4:1:1 (CCIR 601), 4:2:0 
(MPEG), 4:1:0 (Indeo YUV9), and 
both packed RGB and YUV 16 
(4:2:2)—and delivers grey-scale or 8-, 
15-, 16-, 24-, or 32-bit RGB color out- 
puts. If desired, on-chip dithering 
logic converts from 24-bit true-color 
to dithered 8-, 15-, or 16-bit color. Ad- 
ditionally, a bitBLT engine on the co- 
processor moves the images to the 
frame buffer at up to 200 Mbytes/s. 

Because the Power 9100 provides 
a glueless interface to the host VLor 
PCI buses, it only requires the RAM- 
DAC and frame buffer to complete 
the video subsystem. The optional 
Video Power coprocessor can be add- 
ed to accelerate and enhance digital 
video for multimedia applications. 
Finally, the Power 9100 supports the 
VESA-defined power-management 
specification, which will help sys- 
tems built with the chip minimize 
standby power dissipation. Driver 
software for Microsoft Windows, 
Video for Windows 1.0 and 1.1, Win- 
dows NT, and OS/2 2.1 Ultimotion, 
SCO Unix, Microstation, and Auto- 
CAD, plus extra program-specific 
drivers, are available from Weitek.0 


PRICE AND AVAILABILITY 

The Power 9100 graphics controller/accel- 
erator comes in a 208-lead PQFP. In pro- 
duction quantities, it will sell for about 
$85 each. The 160-lead PQFP-housed Video 
Power coprocessor chip sells for $30 
apiece, also in production quantities. The 
208-lead Power 9000 and its companion 
160-lead Power 9001 sell for $45 and $18 
each, respectively, in production quanti- 
ties. Samples are available from stock. 

Weitek Corp., 1060 E. Arques Ave., Sun- 
nyvale, CA 94086; Bob Butchko, (408) 738- 
8400. CIRCLE 513 
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When your designs are long on cir- 
cuitry and short on real estate, we 
have your solution. Consider our cost 
effective Thick Film Multilayer Sub- 
strates and High Density Hybrids. 
We can offer 100% tested Multilayer 
Substrates as the base for your high 
density hybrid applications. And, we 
can populate them for you, too! 


Our Capabilities Include: 

@ CAD System Design 

@ Extensive Engineering 
Design Services 

@ In-House Screen Production 

@ 3 mil Lines & Spaces 
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@ Printed Through Holes 

e Resistors on Dielectric 

@ SMT and/or Chip-And-Wire 

e@ CO2 Laser—Scribe & Drill 

e YAG Laser—Active/Passive Trim 

@ Automated Isolation/Continuity 
Testing 

@ And, more. Much more. 





From simple one or two layer commer- 
cial parts to the most complex designs, 
we build in quality, performance, and 
reliability to meet the most demanding 
applications. Call us with your require- 
ments. We'd like to talk with you. 


hy Hybridyne Inc. 


2155 North Forbes Bivd., Tucson, AZ 85745 
(602) 629-0001 FAX (602) 791-3899 
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CMOS IC CoMBINES FREQUENCY SYNTHESIS, 
MIXING, AND FILTERING FUNCTIONS 
FoR ACCURATE, LOW-COST DOWN-CONVERSION. 


DIGITAL CHIP CAPTURES 
NARROW-BASEBAND SIGNALS 


MILT LEONARD 


key challenge in designing a radio receiver for a wireless 
data-communications system involves extracting the nar- 
rowband signal of interest from a wideband IF input. Called 
down-conversion, this function historically has been served 
by expensive board-level analog solutions with limited pre- 
cision. More recently, designers have turned to full-custom digital-signal- 
processor boards costing thousands of dollars. 

But these solutions don’t qualify for cost-sensitive, space-limited applica- 
tions like cellular telephones, wireless local-area networks, and satellite com- 
munications. For such applications, Harris Semiconductor has developed a 
DSP chip with a 52-Msample/s input sampling rate, the HSP50016, which can 
be configured for a range of end-system requirements. The device is made on 
a submicron CMOS process with three levels of metal. 

The HSP50016 digital down-converter (DDC) consists of a frequency syn- 
thesizer, a quadrature mixer, and two low-pass filters (Fig. 1). The circuit can 
tune in center frequencies with a resolution of under 0.009 Hz and mix with 
an internal local-oscillator signal over a 102-dB spurious-free dynamic range. 
Also contributing to the chip’s accuracy are a passband ripple of under 0.04 
dB and stopband attenuation in the filters of over 106 dB. 

The DDC’s parallel input port accepts the real component of an input data 
stream from an external analog-to-digital converter. This data stream is then 
multiplied by a complex sinusoidal 
< waveform whose frequency is pro- 

High-decimation Low-pass FIR grammable from de to one-half the 
filter filter input sample frequency (f,/2). The 
chip then performs down-conver- 
sion, narrowband low-pass filtering, 
— Ete and decimation from 64 to 131,072 to 

produce a baseband signal. 
Complex-sinusoid _ The internal synthesizer can tune 
generator in on various signal forms, including 
frequency-hopped and swept sine 
waves. The complex result is low- 


1. THE HSP50016 DIGITAL DOWN-CONVERTER captures anarrow pass filtered and decimated with 
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frequency band of interest from a wideband input, converts that band to baseband, and identical real-component filters in 
delivers it in quadrature or real form. Consisting of a complex sinusoid generator, a phase the in-phase (I) and quadrature- 
generator, and mixers, the internal synthesizer can produce continuous-wave, frequency- phase (Q) processing chains. A high 
hopped, or linear frequency-modulated up-chirp and down-chirp waveforms. Output datacan decimation filter followed by a fixed 
be single-precision floating-point or fixed-point arithmetic in 16-, 24-, 32-, or 38-bit two’s- decimation finite-impulse-response 
complement, signed-magnitude, or offset-binary formats. filter performs low-pass filtering. 
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The combined response of the two- 
stage filter produces a shape factor 
of 1.5(from -3 dB to-102 dB).Compo- 
site bandpass ripple is under 0.04 dB. 

Eight 40-bit serial command words 
control the chip, which can read at 
rates of up to 10 Mbits/s. The out- 
puts include a stream with the real 
component of the data or a complex- 
quadrature data stream in serial for- 
mat. The baseband output signal can 
be demodulated by any standard 
DSP IC. The amount of processing 
required for demodulation is re- 
duced by the choice of upper or lower 
sideband at the chip’s output. 

Beyond a programmable sample 
rate of 52 MHz or less, the HSP60016 
is flexible in other areas. A user can 
set the center frequency for either a 
constant value ora chirp. The chirp is 
a swept frequency where the user 
sets the start, stop, and rate-of- 
change of the center frequency. The 
width of the output-frequency band 
is also programmable. Output-signal 
choices include 16-, 24-, 32-, or 38-bit 
fixed-point or IEEE floating-point 
arithmetic. Output data formats can 
be real or complex data, simulta- 
neous or sequential I and Q data, and 
normal or spectral-reversed data. 
The output frequency spectrum can 
be centered at about f,/2. 


SYSTEM IMPLEMENTATION 
Applying the HSP50016 is fairly 
straightforward. Only six wires are 
required to interface the chip to any 
standard DSP IC that executes the 
demodulation function. The external 
wire count is limited to connections 
for serial line data, a clock signal, 
and a strobe signal. Designers can 
bus multiple HSP50016s in parallel, 
with each one operating on a differ- 
ent frequency band. In this case, the 
wiring is simplified by connecting 
the outputs of each HSP50016 over a 
common serial bus (Fig. 2). Each 
DDC is assigned a time-slot number 
and a time-slot length. In turn, each 
DDC controls the bus long enough to 
deliver its data before relinquishing 
the bus. The time-slot assignment 
and length are programmed during 
system configuration. Up to 64 chips 
can be multiplexed in this manner. 
Alternatively, the host processor 
can request data from each DDC 
asynchronously. This mode requires 
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2. UP TO 64 HSP 50016s, each operating on a different frequency band, can be 
connected in parallel and multiplexed over a common serial bus. Collisions are avoided by 
programming a different time slot for each device. This example shows all digital down-con- 
verters in the I-followed-by-Q mode, which requires just one data line to the microprocessor. 


a data concentrator (a user-designed 
custom circuit), which polls each 
channel individually and ensures 
that all channels are polled before 
the output data is lost. An IEEE 
1149.1 JTAG (Joint Test Action 
Group) test-access port is included 
for military applications. 

Each HSP50016 replaces two ana- 
log filters, a frequency synthesizer, 
and two mixers. An alternative dis- 
crete digital solution would require a 
numerically controlled oscillator 
(NCO), several multipliers and fil- 
ters, plus discrete logic for configu- 
ration and control. An ASIC solution 
would raise cost, risk, and time-to- 
market issues. 

In one chip, the HSP50016 exe- 
cutes down-conversion functions 
that formerly required three Harris 
ICs: the HSP45116 NCO modulator 
(NCOM), an integrated quadrature 
NCO and high-speed complex multi- 
plier/accumulator, and two 
HSP43220 decimating digital filters 
(DDFs). According to Harris, design- 
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ers may find the DDC more appropri- 
ate than the NCOM/DDF combina- 
tion for narrowband applications 
(decimation of 64 or more), while the 
NCOM/DDF combination may be 
better suited for applications requir- 
ing programmable filters. 

Harris plans to provide a serial 
I/O filter for use with the DDC. By 
cascading two such ICs, designers 
can implement a programmable FIR 
filter to further enhance the DDC’s 
flexibility. The HSP50016 is avail- 
able in a 48-pin PGA, a 44-pin PLCC, 
and a 48-pin PQF P.O 


PRICE AND AVAILABILITY 
The HSP50016 digital down-converter is 
available now at a starting price of $80 
each in quantities of 1000. 
Harris Semiconductor, PO. Box 883, 
Melbourne, FL 32901; 1-800-4-HARRIS, ext. 
7088. CIRCLE 511 
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- companies selling tapeless telephone rer achines, Truespeech was recently 
to be included in some Compaq and Microsoft products. Planning to apply its pro 
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Which converter delivers twice the speed 
at half the power consumption in half the height? 


The new TLC320ACO01 analog interface 
circuit (AIC) from Texas Instruments, a 
complete data acquisition system on a chip, 
supports your most demanding portable 
and voice-band applications. 

The’ACO1 is a fully programmable 
device that integrates 14-bit A/D and D/A 
converters, filters and I/O for a complete 
analog interface system. 

The device combines twice the 
conversion speed with half the power 
consumption in half the height of TTs 
previous generation of AICs. This new 
generation is enabled by TT's advanced 
mixed-signal design methodology and 
1-micron processing technology. 

The ’ACO1 interfaces directly with TY’s 
leadership TMS320 digital signal processors 


EXTENDING YOUR R 


TLC320AC01 At A Glance 


Low power consumption (100 mW) for 
portable systems 


Direct serial interface to most DSPs 


Shrink quad flat 
packaging (SOFP) 
available for low- 
profile, portable 


1.4mm 
applications 





Single 5V power supply for simplified 
system design 


14-bit A/D and D/A converters and 
programmable filters 


Signal-to-distortion ratio: 72 dB 


TLC320ACO1CFN 28-pin PLCC; 
TLC320ACO1CPM 64-pin SOFP 








(DSPs) and with other industry-standard 
DSPs and most general-purpose micro- 
processors. 

And it can operate in three modes — 
stand-alone, master-slave and linear 
codec — for greater system-level design 
flexibility. 

The ’ACO1 can enhance the performance 
of your V.32 bis modem and PCMCIA card, 
speech and audio processing including 
multimedia, noise cancellation, industrial 
control and instrumentation designs. 


Move to 


TY’s new generation of analog interface 
circuits. For more data, just return the reply 
card, call your local TI sales office or fax us 
at 886-2-377-1460. 
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“A great time to introduce a new luxury 
cruise line. The economy was in a slump, and the 
competition was on the rise. 

We told our new 


XN In cre asing Our advertising agency we have 


to go in with all guns 


aC budget Was blazing. And gave them the 


extra money to do it. 


SO successful They recommended a 
, 7 three phase campaign. 
our agency Phase 1. Full page 
| newspaper. One ad a week 
recommended for 24 weeks and one-third 
: pages in the travel section. 
we cut it” Phase 2, radio. Then 3, 

, 7 television to sweep up one 
season and sow the seeds 
for the next. 

To make a long story 
short, two-thirds into the 
newspaper phase, 
Celebrity's ships were just 
about full to the end of the 
season. With so little left to 
sell, we all agreed to hold 
the radio and TV and save 
the remainder of the 
budget. 

In roughly two years 
Celebrity became the 


number one cruise line from 


| ag se New York to Bermuda. 
Al Wallack, Sr. VP Marketing, Celebrity Cruises, ‘eae 
after returning from having his hearing checked. We've just added 

















another new luxury ship and 
we're anxious to fill it. So once again we've upped 
our budget. So far, our agency hasn't tried to talk 
us out of it.” 





American Association of Advertising Agencies 


If you would like to learn more about the power of advertising, please write to Department D, AAAA, 666 Third Avenue, New York, NY 10017 enclosing 
a check for five dollars. You will receive our booklet, /t Works! How Investment Spending In Advertising Pays Off. Please allow 4 to 6 weeks for delivery. This advertisement prepared by Korey, Kay & Partners, New Yor 
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AT-BUS-SYSTEM 160-LEAD CHIP SET FEATURES VL-BUS 
INPUT/OUTPUT OPTION AND POWER-MANAGEMENT FEATURES 


y integrating the mother- 

board logic for 486-class 

“‘SL-enhanced”’ systems, 
the Wagner chip set provides a VL- 
bus interface as well as power-man- 
agement features that lets systems 
meet EPA “Green” PC standby pow- 
er levels. The two 160-lead chips, de- 
veloped by Symphony Laboratories, 
form the heart of the motherboard 
and can be used in either desktop or 
portable systems. 

The Wagner chip set requires just 
seven simple TTL chips to complete 
the basic motherboard design. In 
contrast, some other solutions offer 
a single-chip controller, but those so- 
lutions typically require anywhere 
from as little as 17 and as much as 22 
TTL support chips. 

Targeted at systems that employ 
Intel’s 486 SL enhanced power man- 





80386SX or Power connector for 


80486SLC CPU 


\ 


Cyrix S87 Math 
Co-processor optional 


Up to 16Mbytes of 
On-board memory 


Product names are trademarks or registered trademarks of their respective companies. 
Specifications are subject to change without notice. 
*Power meter V1.3 





stand-alone operation 





ISA/AT BUS fully buffered 
for driving up to 20 slots 


agement or other central processing 
units with system-management 
modes, the Wagner chip set provides 
four operating modes. Those modes 
are full on, CPU standby, global 
standby, and suspend. Each of these 
modes successively reduces the sys- 
tem’s operating power level to keep 
within the 30-W target level called 
for in the Energy Star program. 

The chips provide SMI support for 
background control, stop-clock logic 
to reduce idling power, and both ac- 
tivity detection and an activity time- 
out timer. Systems using either 5-V 
or 3.3-V power supplies, or a combi- 
nation of both, can be built with the 
Wagner chip set. 

To provide a high-speed I/O capa- 
bility in addition to the standard ISA 
(AT-bus), the Wagner chips also can 
drive up to three VL-bus-master card 
slots. 


The SL82C491 main memory and 
cache controller can address up to 
256 Mbytes of main memory (four 
banks) and up to 1 Mbyte of burst- 
mode cache, which can be organized 
as either write-back or write-though. 

The companion SL82C492 chip 
contains the power-control logic cir- 
cutry, the SMI support circuitry for 
up to 128 kbytes of system manage- 
ment software, and other re- 
sources—two 82C59A interrupt con- 
troller chips, two 82C87A DMA con- 
troller chips, and one 82C54 timer IC. 

In quantities of 10,000 sets, the 
two-chip Wagner chip set sells for 
$16 per set. Samples of the chips are 
available from stock. 

Symphony Laboratories, 4000 
Burton Drive, Santa Clara, 
CA 95054, Jack Yuan, (408) 986- 
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80486SLC INDUSTRIAL SINGLE BOARD COMPUTER 


64K Write Back Cache, 7" x 4.75" 


IDE & Floppy 


Interfaces Two Serial Ports 


Bi-directional Parallel port 


FLASH/SRAM Solid State d ive 
SVGA, Flat Panel display interface, 
MODEM daughter boards 


TME's F486SLC | COMPETITOR 







OTHER 
TME 
PRODUCTS 


Toronto 
MicroElectronics Inc. 
designs and 
manufactures 

a complete line of 
INDUSTRIAL 
SINGLE BOARD 
COMPUTERS 
ISA/EISA 

using 80386SX, 
80386DX 
80486SX/DX, 
Pentium processor, 
Intergrated |/O, 
FLASH & SRAM 
for solid state drive, 
CRT, Flat Panel 
display interface 


LASH/SRAM 3 
te S 
anel display, VGA& 

|A interfaces 


"Fully bufferedATBUS — No 
for driving up to 20 slots 





T ME. Toronto MicroElectronics Inc. 


1815 Meyerside Drive #12, Mississauga, Ont., Canada L5T 1G3 


Tel: (905) 564-4833 « Fax: (905) 564-4768 
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PENTON CONTINUES 
OMMITMENT TO 
RECYCLING 





Penton Publishing's Camera 
Department started recycling chemi- 
cals from film wastewater 25 years ago... 

long before the ecologically-smart idea was widely recognized. 


For almost as many years, the Penton Press Division has been 
recycling scrap paper, obsolete inventory, and printing press waste 
materials. In 1991, Penton Press will recycle some 5500 tons of 
paper, 9 tons of aluminum plates, and 3 tons of scrap film nega- 
tives. Furthermore, the Press Division has invested $500,000 in air 
pollution control equipment. 


Company-wide, the recycling spirit has spread from Cleveland head- 
quarters to offices throughout the country. Penton employees are 
enthusiastic participants in expanding programs to re-use paper, 
aluminum cans, and other waste materials. 


Penton Publishing believes these practices make a significant quali- 
ty-of-life difference for people today... and will help create a safer, 
healthier environment for generations to come. 


Penton Publishing 
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380-COMPATIBLE CPUS FILL EMBEDDED NEEDS 


he 80386 microprocessor 
made significant inroads 
into control and industrial 
applications. But unlike Intel’s 80186 
and 80188 highly integrated proces- 
sors based on the 8086 core, the 80386 
needs many support chips as it 
wasn't designed for control applica- 
tions. Now Intel has ended the need 
for an array of support functions 
with a high-integration version of 
the 80386: The 386EX contains many 
of the same support functions as the 
80188 but also has a static 386SX 
core, power-management logic that 
offers three low-power options (idle, 
powerdown, and powersave), and 
the system-management mode for 
background operation control. Thus, 
the 386EX can upgrade systems cur- 
rently using 80186/80188 type pro- 
cessors. 
The 386EX also retains DOS com- 
patibility, so designers can easily 


transfer over programs that were 
developed on PCs. The 80188 and 186 
aren't directly DOS compatible, so 
many I/O control routines were 
modified or special software traps 
were set up to catch the improper 
references. On-chip resources reduc- 
ing the need for off-chip support in- 
clude three counter-timer channels, 
two DMA channels, a DRAM refresh 
controller, up to 24 parallel I/O lines, 
two asynchronous serial I/O chan- 
nels, one synchronous serial chan- 
nel, an interrupt controller (equiva- 
lent to two 8259As), and a watchdog 
timer. 

In addition to the 886EX, which 
should sample late in the second 
quarter of 1994, two static CMOS 386 
CPUs were unveiled and are avail- 
able now. The first, a standard 5-V 
386SX processor built with static 
CMOS logic, runs at 16, 20, or 25 
MHz. The chip drops into existing 
3865X applications, replacing the dy- 


namic-logic processor and reducing 
the idle power of such systems. 

The other CPU, the 386CX, is a 
386SL-like CPU in the 386SX pinout 
that can operate at 12 or 20 MHz 
when powered by 2.7-to-5.5-V sup- 
plies. Intel will also provide a royal- 
ty-free real-time incorporation li- 
cense with every CX or EX proces- 
sor, SO users can incorporate without 
charge any “derived works” based 
on Intel’s updated iRMX EMB real- 
time operating system, which de- 
signers can also purchase. 

The static 886SX and CX CPUs 
come in 100-lead PQFPs; the 386EX 
will come in a 132-lead PQFP. In lots 
of 5000, the three CPUs start at $26, 
$27.30, and $39, respectively. Bare 
chips will also be available. 

Intel Corp., Literature Cen- 
ter, Box 7641, Mt. Prospect, IL 
60056-7641; (800) 628-8686; (408) 
765-8080. 
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The dependable ones 
with high output 


Sonnenschein Lithium 
SOCI. Batteries 


Sonnenschein lithium batteries have been 
used successfully for years in a wide variety 
of industrial applications. As primary power 
sources or buffer batteries: 


in industrial control engineering, in tele- 
communications, in utility metering 
instruments, in automation technology.... 





















with 3.6 V maximum cell voltage 






@ in temperature ranges from —55°C 
to +85°C 
(special versions up to + 150°C) 





INORGANIC 
SSAA 






@ with minimal self-discharge rate < 1% 
of rated capacity p.a. at RT 


@ in9Q different cell sizes from 0.37 to 30 Ah 










Sonnenschein lithium batteries — 
when you need a mains-independent, 
reliable and long-lived power source. 





Sonnenschein Lithium GmbH 
Industriestrasse 22,63652 Buedingen 
West Germany 

Telephone (0 60 42) 815 22 - Telex: 4102180 
Telefax (0 60 42) 81523 










Sonnenschein Lithium Speak to our experts now. 
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PALETTE DACS DRIVE TOP-PERFORMING GRAPHICS 


IN PCs OR WORKSTATIONS Dave Bursky 


ith top pixel data rates of 
250 MHz, a family of 
three palette DACs can 
deliver data at the 
speeds needed to fuel top-perform- 
ing true-color graphics displays. The 
RGB561, 530, and 525, were devel- 
oped by IBM Microelectronics to 
drive displays with resolutions up to 
1600 by 1280 pixels, Fabricated in a 
0.8-4m CMOS process, the palette 
DACs operate at 3.8 V and include 
on-chip clock generators and wide 
graphics-memory video RAM inter- 
faces. That interface starts at 200- 
bits wide for the high-end RGB561, 
drops to 96-bits wide for the mid- 
range 530, and shrinks to 64-bits 
wide on the RGB525. Those wide bus- 
es allow the DACs to transfer data at 
rates of 2.5, 1.2, and 0.8 Gbytes/s 
over the video-memory interface. 









The low-end RGB525 has the per- 
formance of the best palette DACs 
used in the PC add-in cards. And per- 
formance only increases with the 
other two palette chips, which deliv- 
er workstation-class throughputs 
and features. Though all three DACs 
will be available in 1994 with the 250- 
MHz top speeds, initial versions will 
offer top speeds of 170 MHz, which 
can handle high-resolution images of 
1280-by-1024 pixels with non-inter- 
laced monitors running at up to 75 
Hz. The 250-MHz chips will handle 
1600-by-1280-pixel images with re- 
fresh rates of up to 90 Hz (or any 
combination of 2 Mpixels). 

To solve many system integration 
and noise problems caused by high- 
frequency clocks, each chip inte- 
grates programmable clock genera- 


‘Embedded PC 
with on-board Ethernet 
and Super VGA | 






full sceen editor 
¢ Made in USA 
¢ 1 & 2 Year Warranty 


¢ Technical Support by phone 
¢ 30 day Money Back Guarantee 


accept 4-to-64-MHz inputs and deliv- 
er 170-to-250-MHz outputs. The 
RGB525 was optimized for graphical 
user interfaces such as IBM’s OS/2 
and Microsoft’s Windows and Win- 
dows NT. On chip are triple 256- 
word-by-8-bit palette RAMs and tri- 
ple 8-bit monotonic digital-to-analog 
converters. The DACs generate 15-, 
16-, 24-bit direct color, gamma-cor- 
rected color, or provide 8-bit, 256- 
shade grey-scale images. The palette 
chip can also display a 24-bit color 
border and supports 24-bit packed 
pixels or 4-, 8-, 16-, 24-, or 32-bit pix- 
els. On-chip cursor logic supports up 
to a 64-by-64-pixel cursor. The 64-bit- 
wide pixel data path and packed pixel 
mode lets the palette DAC display 
true-color images with 1280 by 1024- 
pixel resolution with only 4 Mbytes 

(continued on next page) 


Device Programmers 
ee niecls to PC parallel | 


¢ Easy to use software, on-line help, 


40 PIN 
ZIF 





a ' 2 ia a 
o oy aaa 
oe Pci 
> - 


4"x 4" Small 
Rugged Format 
For more information call: 
Megatel Computer Corporation 
125 Wendell Ave., Weston, Ont. 
MON 3K9 Fax: (416) 245-6505 


(416) 245-2953 


Megatel is a registered trademark of the Megatel Computer 
(1986) Corporation. 386s: is a trademark of Intel Corporation. 


si ter 













e FREE software upgrades available via BBS 

¢ Demo SW via BBS (EM20DEMO.EXE) (PB10DEMO.EXE) 

¢ E(e)proms 2716 - 8 megabit, 16 bit 27210-27240, 270400 & 27C800, 

¢ Flash 28F256-—28F020, (29C256-29C010 (EMP-20 only)) 

e Micros 8741A, 42A, 42AH, 48, 49, 48H, 49H, 55, 87051, 87C51FX, 87C751,752 
¢ GAL, PLD from NS, Lattice, AMD-16V8, 20V8, 22V10 (EMP-20 only) 









d Ethernet, Featuring 
Al and 10 BASE?*T interfaces 
¢ On-board SCSI, Floppy controllers and 
2 MByte Flash Eprom Solid State Disk 
e 3 Serial Ports, 

Parallel/Printer port 
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NEEDHAM’S ELECTRONICS, INC. 


| (916) 924-8037 
ras es BBS (916) 972-8042 
C.0.D. FAX (916) 972-9960 
CIRCLE 151 FOR US. RESPONSE 
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4539 Orange Grove Ave. 
Sacramento, CA 95841 
(Monday-Friday, 8 am-5 pm PST) + 
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of video memory—half the typically 
requirement of other palette chips. 

Widening the video pixel bus on 
the RGB530 to 96 bits lets more data 
flow into the chip on every cycle. The 
extra bandwidth is needed to support 
triple 1024-word-by-8-bit palette 
RAMs and the triple 8-bit monotonic 
DACs that deliver the RGB signals. 
Like the 525, the 580 comes in a 208- 
lead PQFP package and supports 4-, 
8-, 16-, and 24-bit pixel inputs, and 5/ 
6/5 RGB and &bit grey scale out- 
puts. Other features include a 16-en- 
try attribute table and a display tim- 
ing generator so users can perform 
color overlays or underlays. The 
large on-chip palette RAMs and at- 
tribute table allow programmers to 
perform pixel-by-pixel selection of 
the color palette, as well as double 
and quad-buffer and pixel format 
with up to an 8-bit overlay or under- 
lay. This greatly reduces overheads 
in the multiple-window client-server 
graphics environment. Hardware 
support for both cross-hair and 64- 
by-64-pixel cursors is included on the 
RGB530. 

At the high end, the RGB561 satis- 
fies the most feature-rich graphics 
requirements for mid-range to high- 
end workstations. The chip includes 
the same triple 1024-by-8-bit palette 
RAMs as on the 580, but designers 
added one more bit to each DAC, pro- 
viding triple 9-bit monotonic DACs. 
The wider DACs provide a better col- 
or continuum with up to 134 million 
colors. The memory interface bus 
was widened to 200 bits, more than 
doubling the video data that can be 
transferred each cycle. The port al- 
lows pixel interleaves and multiplex- 
ing ratios of 4:1, 5:1, or 8:1. The wide 
bus also pushes the circuit pin-count 
up—the RGB561 will come in a 304- 
lead quad-sided flat package. 

The attribute table was upped to 
two sets of 256 entries, so program- 
mers have plenty of memory for 
pixel-by-pixel selection of pixel for- 
mat, color palette, color mode, and 
gamma correction for both primary 
and overlay data. To produce high- 
quality images, the 561 also packs in- 
dependent gamma correction, which 
is used to improve the display linear- 
ity. Gamma coefficients would be 
loaded into the gamma palette’s 
memory. Samples of the RGB525 


and 580 are available now; the 561 
will be available next month. In lots 
of 10,000, the 170-MHz version of the 
530 and 561 sell for $71 and $103 
each, respectively; the 250-MHz ver- 
sions will cost $116 and $194 each, in 
10,000-unit lots, and the RGB525 is 
$52 or $83 each, respectively, for the 
170- and 250-MHz versions. 

IBM Microelectronics, Route 100, 
P.O. Box 100, Somers, NY 10589; 
Mike West, (800) 426-0181. 

CIRCLE 932 


FAST PAGE-MODE DRAMS 
SUBSTITUTE FOR VRAMS 


With a fast-page mode transfer time 
of 25 ns/byte, the 2-Mbit 
V538C8256—a 256-kword-by-8-bit dy- 
namic RAM—delivers performance 
comparable to expensive video 
RAMs. Thus, the high-speed 
DRAMs provide a low-cost solution 
for high-performance VGA and oth- 
er graphics subsystems. Just four of 
the 256k-by-8 DRAMS can replace ei- 
ther eight 256k-by-4 DRAMs or four 
206k-by-8 VRAMs and reduce memo- 
ry cost by 50% or more. The 538C8256 
has a fast normal-access mode that 
allows standard random accesses to 
take place in just 45 ns (first access to 
any page). The DRAMs come in two 
refresh options and two power sup- 
ply choices—the V53C8256H and N 
have an 8-ms refresh interval and op- 
erate from a 5-V supply, while the 
8256HL and NL have a 64-ms inter- 
val and operate from a 3.3-V supply. 
The 5-V parts offer the 45-ns access 
time and 25-ns fast page mode; the 
3.3-V parts have a 60-ns/45-ns ac- 
cess/fast-page transfer speeds. The 
5-V versions draw 160 mA when ac- 
tive and as little as 1 mA on standby 
(H suffix); the HL low-power version 
reduces the 5-V standby drain to just 
0.15 mA. The 38.3-V versions draw 
half or less than the current levels of 
the 5-V parts. Prices for the 
V538C8256 start at $8 each in volume 
for the 5-V H- or 3-V N-suffix ver- 
sions (24-pin DIP or 24- or 26-lead 
300-mil SOJ packages). Both are 
available from stock. The HL or NL 
versions can be special ordered. 
Mosel-Vitelic, 3510 N. First St, 
San Jose, CA 95134-1501; (408) 
433-6025. 









































































































































































































































































































































































































































































































































WE MAKE WHAT YOU IMAGINE 






5612 JOHNSON LAKE RO 
P.O. BOX 788 
DELEON SPRINGS, FL 3213 


(904) 985-4631 FAX (904) 985-5036 
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MELOPEE-LIGHTNING 
HPR 


"MEASURE UP A 


STORM ! 


Our Melopee-Lightning HPR 
instrumentation line is the only 
high precision active sensor 
measurement line in the world 
designed for analysis of lightning 
and its associated effects. 

It permits measurements on civil 
or military aircraft, trains and 
automobiles, telephone 
exchanges and 
telecommunication systems, 
overhead or railway 
infrastructures, etc. 

In addition to a link processor, the 
Melopee- 

Lightning line 

includes 

dedicated 

sensors 

characterized 

by immunity 

to even strong { 

outside fields, igegiinireamesanecmsne: 
associated with very high 
sensitivity and extreme 
miniaturization. 


Characteristics: 

e E field ranges : +30 V/m to +2 
MV/m (depending on sensor) 

e H Field ranges : +1 A/m to +53 
kA/m (depending on sensor) 

e Voltage ranges : +500 UV to+ 
10kV 

e Current ranges : +150 mA to £200 
kA (depending on sensor) 

e¢ Bandwidth : 45 or 130 MHz 
(depending on sensor) 

e Parasitic rejection : 40 dB 

e Amplitude precision : 0.25 dB 

e Range dispersion : +0.2 dB 


1\ THOMSON-CSF 


ELECTRONIC SYSTEMS DIVISION 


Electromagnetic and Nuclear 

Department 

9, rue des Mathurins - BP 150 - 

92223 Bagneux Cedex - France 
Tel. (83-1) 49 85 38 26 

Fax. (33-1) 49 85 38 43 


PEMA 2B 
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VHDL SIMULATOR RUNS 
FASTER AT ALL LEVELS 


The latest version of the Synopsys 
VHDL System Simulator (VSS) 
speeds simulation at all levels, in- 
cluding behavior, register-transfer 
level, and gates. Version 3.1 of VSS 
combines multiple simulation tech- 
nologies, support from ASIC ven- 
dors for VHDL sign-off, and a 
smooth migration path from Verilog 
to VHDL. Compiled, interpreted, 
and optimized gate-level simulation 
technologies are combined in the 
new software to provide up to 10 
times the simulation speed of the 
company’s Version 3.0 VSS. Version 
3.0 provided interpreted simulation 
focused on debugging. Also, VSS is 
the first VHDL simulator to be given 
golden or sign-off capability with an 
ASIC vendor. NEC Electronics an- 
nounced that they are working with 
Synopsys to develop VSS for ASIC 
sign-off. To achieve sign-off capabili- 
ty, a simulator must have submi- 
cron-accurate timing, glitch han- 
dling, and post-layout back-annota- 
tion. VSS Version 8.1 will ship by the 
end of the year. It runs on Unix work- 
stations, and costs $24,000. LM 
Synopsys Inc., 700 E. Middlefield 
Rd., Mountain View, CA 94043- 
4033; (415) 962-5000. 


TURBO OPTION BEEFS UP 
VERILOG-XL SIMULATOR 






72. San 


Cadence now offers a choice of two 
Verilog products to provide design- 
ers flexibility when configuring 
their top-down environments. A new 
Turbo version of the Verilog-XL digi- 
tal-logic simulator gives users more 
speed than the current version 1.7 
Verilog, along with improved effi- 
ciency and ease-of-use. Verilog-XL 
Turbo is a high-end package that’s 
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actually a superset of the existing 
Verilog-XL product. On the average, 
it can simulate at the behavioral level 
seven times faster than the current 
product, yet is completely compati- 
ble with it. The Verilog-XL Turbo en- 
vironment includes a language-sen- 
sitive editor for correct-by-construc- 
tion code entry, a language analyz- 
er/parser for syntax checking, color- 
coded syntax readability, and the 
ability to annotate error messages 
directly to source code. In addition, 
Turbo’s debug environment has im- 
proved graphical features such as a 
signal-flow browser and a powerful 
new standalone waveform tool. Fi- 
nally, Turbo delivers better memory 
utilization, allowing designers to run 
larger designs in less space. In fact, 
the enhancement reduces the 
amount of memory used by up to 
three times. Pricing for the Verilog- 
XL Turbo and existing version 1.7 
simulators start at $32,000 and 
$20,000, respectively. Both products 
are shipping now. The simulators 
run on Unix-based workstations. LM 
Cadence Design Systems Inc., 539 
River Oaks Pkwy., San Jose, CA 
95134; (408) 943-1234. 


CONVERT PCB DESIGN 
DATA TO MENTOR FORMAT 


Import Export Kernel is a software 
tool that provides a reverse-engi- 
neering path for designers who need 
to use existing pc-board design data 
in the Mentor Graphics environment. 
The system will convert pce-board 
artwork in Gerber or IPC-D-350 for- 
mats, pc-board data in EDIF files, or 
pe-board designs from eight major 
CAD tools into software that can be 
used with Mentor Graphics tools. In 
addition, Import Export Kernel im- 
proves board manufacturability 
with test-point generation, design- 
rule checks, and interactive visual 
artwork verification. The system 
runs on Unix workstations under a 
Motif-based interface. Call the com- 
pany for pricing and additional infor- 
mation. LM 

Intercept Technology Inc., 1819 

Peachtree Rd. NE, Suite 611, At- 

lanta, GA 30309-1859; (404) 352- 
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@ Testing 


@ Gold Contacts - $50 
Wi 25% - Below8 Mil Hole @ Tin nickel burn-in boards 


- Below 15 Mil Hole @ Up to 22 layers 
M@ SMOBC & LPI - $50 


FOR MORE INFORMATION CALL OR FAX 


Ken Bahl M1108 W. Evelyn Ave., Sunnyvale, CA 94086 
Phone (408) 735-7137 FAX (408) 735-1408 Modem (408) 735-9842 





OTO EXPRESS 


EXTRAS 
@ Photo Plotting 


DIRECT CONNECTION ADS 





DIRECT CONNECTION ADS 


Best Value in the World 
for 
POLYIMIDE & FR4 


1 to 5 DAY TURN 
1 to 12 Layers 

PRINTED CIRCUIT PROTOTYPES 
2 PIECE PRICES FOR FR4 .062 Th. 
264 | 330 
| 60 | 311 | 389 | 853 | 1049 | 1137 | 
| 90} 358 | 448 | 980 
385 i 
M@ 5PIECESx1.34 MH 5 DAY PRICES ABOVE 
@ 10 PIECES x 1.67 MM ULLISTED 


CAPABILITIES 
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W@ Polyimide Multilayer 
@ Full Body Gold ° 

@ Carbon Paste ) %o 
@ SMT-SMOBC 


@ Impedance control boards 


BREAK THE SPEED LIMIT!! 


a 
eS $ 
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DAS00 
JOMHz WAVEFORM CAPTURE BOARD 


ISA (PC/AT) compatible board 

2 analog input channels 

500 MHz 8 bit digitizer 

7.0 effective bits at 250 MHz signal 
256K bytes memory on board 
Memory expandable to 1 Gigabyte! 
350 MHz analog bandwidth 

200 MB/SEC extended Auxiliary Bus 
External clock and trigger inputs 


Ve Supply Solutions! Call us to discuss 
ur application with one of our engineers. 


357 N. Sheridan St., #119 


e Corona, California 91720 
tgna Phone: (909) 734-3001 
FAX: (909) 734-4356 


NATEC, INC. 





DISCOUNTS 
@ Buried & Blind Vias 5 == 
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SEE EEM 92/93 
Pages D 1286-1291 


@ Rental and 10-day trials available. 

@ Full Source-level Debugger w/complete C-variable 
support. 

@ Supports virtually all members of the 8051, 68HC11, 
68HC16 and 68300 families. 


CALL OR WRITE FOR FREE DEMO DISK! 
ampbell Avenue | Call 408-378-2912 
noHaU Campbell CA 95008 ‘Noa’ 24-hour 
FAX (408) 378-7869 
CORPORATION (408) 866-1820 


information center to 
NOHAU CORPORATION 










receive: info via your FAX 
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Lob 


To order, call: 
1-800-3-DatalO, 
Ext. 904 
(1-800-332-8246) 


Also distributed by: 


Promark 
Technology West 


(1-800-227-3345) 


JDR Microdevices 
(1-800-538-5000) 


DATA I/O 


Chi 


¢ Programs PLDs, 
PROMs, and EPROMs 
and microcontrollers up 
to 48 pins 

¢ Algorithm updates 
available via electronic 
bulletin board 





DATA I/O CIRCLE 402 








B+C MICROSYSTEMS 


Z-WORLD ENGINEERING 


Emulate up to 8MBit devices with a si 
Connects to the standard parallel printer port via a standard printer cable. 
User friendly software. Command set includes: Load(data), Write(data), 


RomE™ 


* 
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ee ee ee canine aston eeEse 
Programs EE/EProms, Flash Eproms, ZPRams, Intel Micros, Memory Cards. 
Stand-Alone Mode for EE/EProms and Memory Card Duplication/Verify. 
All 24/28/32 pin EE/EProms to 8 MBits (upgradeable to 32 Megabits). 
Micros:8741/A,-2/A,-4,-8,-9,-51,-C51,-C51F A/B,-52,-53,-55,-C521,-C541,9761. 
Accepts dedicated modules: Memory Card Programming Module (Seiko/ 
Epson) - $145, Eraser/Timer Module - $50, Gang Module (4 sockets) - $145. 
Can be operated with any computer containing an RS-232 serial port. 


User friendly Menu-Driven Interface Program for IBM-PC or compatible. 
Full 1 year warranty. Customer support via voice line, fax or dedicated BBS. 


SO es OAS RES EOI OTB ED OST SLO UER NSS 






iSO 


ngle unit. Access time 120ns. 


Display(memory), Type(of EProm), Edit(memory), Fill(memory), Calculator, 
Reset(target system), Activate(debugging feature), Monitor(selected feature). 


Address Compare with Halt output, Address Snapshot, Trigger input. 

Fast data loading via parallel printer port (64k bytes in less than 10 sec). 
Cascadable up to 8 units. Includes target cable with Trigger/Reset/Halt clips. 
CMOS RAM chips with rechargeable NiCad battery backup. 


MC/VISA/AMEX All prices are U.S. list only. 


750 North Pastoria Avenue, Sunnyvale, CA 94086 USA 
Tel: (408) 730-5511 Fax: (408) 730-5521 BBS: (408) 730-2317 





CIRCLE 421 


MICROCONTROLLERS 


e C Programmable 
Data Acquisition 
Control / Test 
Excellent Support 
From $159 Qty 1 


New Keyboard 
~ Display Modules 





Use our Little Giant™ and Tiny Giant™ miniature control- 
lers to computerize your product, plant or test department. 
Features built-in power supply, digital 1/0 to 48+ lines, 
serial I/O (RS232 / RS485), A/D converters to 20 bits, 
solenoid drivers, time of day clock, battery backed 
memory, watchdog, field wiring connectors, up to 8 X 40 
LCD with graphics, and more! Our $195 interactive Dy- 
namic C™ makes serious software development easy. 
You're only one phone call away from a total solution. 


Z-World Engineering 
1724 Picasso Ave., Davis, CA 95616 
(916) 757-3737 Fax: (916) 753-5141 


Automatic Fax: (916) 753-0618 
(Call from your fax, request catalog #18) 
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EMI NOISE SENSOR 


FVC- 
777 


p 
3. Three display modes are provided, NORMAL, 
PEAK HOLD and HOLD. 
4 Tone/Alarm output, two types of signals are 
available. 
5. This sensor features a compact and lightweight 
design and may also be battery operated. 


U.S.A. WATAHAN NOHARA INTENATIONAL, INC. 


TEL(800)366-3515 


NOISE LABORATORY CIRCLE 410 


Relex _. 
Reliabili 
Software 


_.. "the intuitive solution” 


x MIL-HDBK-217 
* Bellcore 
re MCcroutelal(oe] : ~ 
x FMEA, FMECA 
rae Acelialcellatsleyiiing 
_%* Parts Count, more ... 


Call.410-788-9000 Today for Information and a 
Self-Running Demo Disk on this Integrated and 
Highly Acclaimed Set of Software Tools! 


INNOVATIVE SOFTWARE DESIGNS, INC. 
Two English Elm Court - Baltimore, MD 21228 
410-788-9000 - FAX 410-788-9001 





INNOVATIVE SOFTWARE CIRCLE 405 


RELIABILITY PREDICTION 
SOFTWARE 


ARE YOUR PRODUCTS RELIABLE? 
The RelCalc 2 Software Package automates the 
reliability prediction procedure of MIL-HDBK- 
217, or Bellcore, allowing quick and easy 
reliability analysis of electronic products on 
your PC. Say goodbye to tedious, time consum- 
ing, and error prone manual methods! 


= NEW UPDATE! VERSION 3.1 now available. 
= User friendly: pop-up menus, hypertext help. 
= Very easy to learn and use; quick data entry. 

= Part library for rapid recall of part data. 

= Global editing functions for what-if? trials. 

= Reports which clearly organize results. 

= Save time & money as you design for quality. 
= Try our Demo Package today for $25. 


T-Cubed Systems, 31220 La Baya Drive, 
Suite 110, Westlake Village, CA 91362 
CALL: (818) 991-0057 FAX: (818) 991-1281 


T-CUBED SYSTEMS CIRCLE 417 





SNAP ACTION 
THERMOSTATS 


Actual Size 


Reliable, surface mounted, snap-action 
thermostats make or break current to 
temperature-critical devices. Some models 
open on temperature rise, others close, at 
fixed set points between 35°F and 500°F. 
Average delta is 30°F. Various mounting and 
terminal options. Some units feature manual 
reset. Broad selection from stock. Attractive 
discounts in OEM quantities. Four-color catalog, 
free samples, and quotations on request. 
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NEW SCHEMATIC AND PCB SOFTWARE 


With support for extended and expanded memory, 
HiWIRE II can handle your most demanding schematic 
and PCB designs quickly and easily. The unique HiWIRE 
editor allows you to display and edit schematics and 
PCBs simultaneously, using the same commands for 
each. HiWIRE II is $995, and is guaranteed. 


WINTEK CORPORATION, 
1801 South Street, Lafayette, IN 47904 
(800) 742-6809 or (317) 448-1903 


CIRCLE 419 


WINTEK CORPORATION 








e Schematic Entry ¢lsSpice3 Simulator 
eSPICE Models  ¢Real Time Graphics 


Call or Write For Your FREE 
Demonstration and Information Kit! 
Fax 310-833-9658 = P.O.Box710 San Pedro, 


Tel. 310-833-0710 intusoft | ©4 90733-0710 
INTUSOFT CIRCLE 406 


Affordable 


X-Y Table 
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QO Steppe Of servo 
QO Ball screws, recirculating bearings 
QO Sizes from 4°x4" to 49°x49" 


FREE CATALOG: 


TEL: 516-328-3970 
FAX: 516-326-8827 


2101 Jericho Tnpk., N.H.P., NY 11040 
TECHNO CIRCLE 41 


FREE! 


120 
Page 
Catalog 


| wy “Optics 
ROLYN orn coma for 


’ ‘ 


re | industry’ 


ROLYN OPTICS supplies all types of “Off-the- 
Shelf” optical components. Lenses, prisms, mir: 
rors, irises, microscope objectives & eyepieces 
plus hundreds of others. All from stock. Rolyr 
also supplies custom products & coatings in pro 
totype or production quantities. Write or call foi 
our free 120 page catalog Sept products 8 
listing off-the-shelf prices. ROLYN OPTICS CO. 
706 Arrowgrand Circle, Covina, CA 91722 
(818) 915-5707 & (818) 915-5717. 

FAX: (818) 915-1379. 


ROLYN OPTICS CIRCLE 4° 


MINIATURE PANEL MOUNTING 
SEALED INDICATOR LAMPS 


The Oxley MILSO series indicators are designed to fit into 
5mm mounting hole. Ideal for portable instruments, consol 
indoor/outdoor applications. Features include: 
* — Sunlight readability & NVG Compatibility 
* Electrostatic screen for protection against emi 
* Clear or Diffused lens 
* — Wide range of colors (red, yellow, green, and blue) 
Contact the Sales Department at (203) 488-4135 for furth 
information. 
Oxley Inc. 

25 Business Park Dr., Branford, CT 06405 

OXLEY INC. CIRCLE 4 


DIRECT CONNECTION ADS 
‘SMART VOICE CARDS 


A family of intelligent  tyemg 
digital audio cards §& 

for stand-alone and #& 
industrial bus use. The x 
following buses are ™* 
supported: MA550 VMEbus card 


VME, STD, STE and G-64 


¢ Tape recorder quality, 10kHz audio BW. 

e MA592 only —- PCM/ADPCM 3.4kHz BW. 

e On-board uP with real-time multitasking 
control software for sound processing, 
communications and control functions. 









of BIG S-L-O-W software 


stalking your job security?" 
Here’s all you have to do: 


Take some of the bytes out of your bloated code! 


¢ Serial, 12C bus and parallel |/O. ™ Send a B/W or 4C glossy photo. Call Franklin Software, the first and last 
e Watchdog timer and transient protection w Include 13 lines of copy. word in quality for 
to ensure reliable operation. (37 characters per line) your 8051 and 80C166 software projects! 
Supply eig Veree Cal ds to = Write a headline of 32 characters or less. 
. industry since 1984. Wie! ae all theicest, e FRANKLIN 
Microcontrol (Australia) Pty Ltd No production charges. qm SOFTWARE, INC 


We also accept camera-ready art. 
Ad size 23/16” wide X 3” deep. 


PO Box 1020, Pymble 
Ta NSW 2073, Australia "Strike back - Release VI is available now!" 
Fax: +61-2-488-7719 tel: (408) 296-8051 fax: (408) 296-8061 


ICROCONTROL (AUSTRALIA) PTYLTD — CIRCLE 407 FRANKLIN SOFTWARE, INC. CIRCLE 404 | 





HOT-INSERTABLE, RACK-MOUNTED 
POWER SUPPLIES 


Absopulse designs pe 
and manufactures | 
quality custom and 
standard power | 
supplies up to} 
2.5KW. Features | 
include high MTBF, | 
low cost, electronic | 
The DAP 3200e™ is a data acquisition board protection,customor 
that includes its own dedicated 80486 standard /O configuration and high efficiency. 
BAP 3900, This processing power gives the The rack mounted versions are hot insertable 


AP 3200e unprecedented real-time respons 
task latency of iss than half a milsecend. The and suitable for n+1 redundancy for a virtually 


INTELLIGENT 
DATA ACQUISITION 


Commercial Reliability 





with Bellcore Method 

SOFTWARE 
[he Industrial Reliability Prediction Pro- 
gram (RBC), 3.0 provides accurate and effi 
-ient calculations of steady-state and first 
year infant mortality rates 
according to Bellcore 


Xteport TR-NWT- 
3003372. 


ASSEMBLY 


{BC includes support for: 



















5 DAP 3200e also includes 1 MB or 4 MB of uninterruptible power supply. Absopulse is a 
1 ’ 
Mend te Git with taboratogy ats on- board memory, and its own multitasking BABT-recognized manufacturer. 
Method llli—Parts count with field data real-time operating system, 4.2. 
Cail, FAX or write for more information Absopu Ise Electronics Ltd. 
cna Microstar Laboratories, Inc. 110 Walgreen Road 
= POWERTRONIC 2265 116th Avenue NE Cc Ontari 
= === SYSTEMS ING. Bellevue, WA.98004 Microstar KOA 1LO Canada 
a Tel: (206) 453-2345 LABORATORIES Tel.: (613) 836-3511 
oi nado re mane 
JWERTRONICS SYSTEMS, INC. CIRCLE 412 MICROSTAR LABORATORIES : CIRCLE 408 ABSOPULSE ELECTRONICS LTD. : CIRCLE 400 
DC/CAD 
introducing. . 
THE TERMINATOR 


Super High Density Router 
(Complete with Schematic & PCB EDITOR) 
Features the following powerful algorithm & capability: 
* Rin - 
eee ea CALL FOR FREE DEMO 
Pre-routing ve SMI componente Price Range:$195-$2500 
* Real-Time via minimization ; ; 
: *Special promotional offer 
* Real-Time clean up passes ‘ : 
‘ is currently available 
* User defined strategies 
* Window 3.0 capability as DOS Task 
* |-mil Autoplacer and Autopanning 
g00000% * Two-way Gerber and DXF 
* Automatic Ground Plane w/Cross-Hatching 


* Complete w/Schematic & Dolly Libraries 
This Ic A New House * Optional simulation capability & enhanced mode for 386 users 
PCB LAYOUT SERVICE AT LOW COST 
LEASE PROGRAM & SITE LICENSE AVAILABLE 
Or a college education. Or a comfortable retirement. It’s the secure feeling you 
get knowing that you’re providing for your family and your future. It’s a U.S. Savings 
Bond, and it pays competitive interest rates with a guaranteed minimum rate of return 


when held five years or more. For more information, pick up a free Buyer's Guide at 
your local bank and ask about the Payroll Savings Plan where you work. 


USS. Savings Bonds 


A public service of this publication. 





1771 State Highway 34, Farmingdale, N.J. 07727 
(908) 681-7700 * (908) 681-8733 (FAX) 


*DC/CAD. .. The performance value leader for the demanding entrepreneur. 
DESIGN COMPUTATION CIRCLE 403 | 
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4.5 SIGMA 


AUTOMATED ASSEMBLY 
REPEATABILITY GUARANTEED 


for low-cost and 
1 week shipment guaranteed 


LL-CERAMIC PACKAGE 
cover pull strength 


in excess of 20 Ibs. ULTRA*REL™ MIXERS 


S YEAR GUARANTEE 


RUGGED CONSTRUCTION 
passes MIL-M-28837 


SURFACE MOUNT shock and vibration tests 


board area 25x 30"! " 
tape and reel available 





SOLDER PLATE 

OVER NICKEL METALIZATION 

mproves solder reflow reliability 
and eliminates leaching 


ALL-WELDED 
INTERNAL CONSTRUCTION 
withstands up to 240°C for 5 minutes 


actual size 


ALL-CERAMIC 5to 3000MHz ..°37, 


Midband, dB 
Now you can buy very low-cost, high-performance Model LO Freq. (MHz) Conv. _ Isol $ ea. 
commercial mixers with the ruggedness and reliability (dBm) LO,RF IF Loss L-R_ L-| (10-49) 
required for military applications. That’s value! RMS-11X +7 5-1900 5-1000 7.1 29 31 3.95 
Only from Mini-Circuits. RMS-11F +7 350-2000 DC-400 55 31 30 4.95 
RMS-30 +7 200-3000 DC-1000 65 26 22 6.95 
RMS-25MH +13 5-2500 5-1500 7.5 32 32 7.95 


finding new ways ... 
—_ is Standards 


I n [- Ci a rc a its WE ACCEPT AMERICAN EXPRESS AND VISA 


F O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 
Distribution Centers /(NORTH AMERICA 800-654-7949 e 417-335-5935 Fax 417-335-5945 SCE: 44-252-835094 Fax 44-252-837010 


‘ detailed specs on all Mini-Circuits products refer to e THOMAS REGISTER Vol. 23 e MICROWAVES PRODUCT DIRECTORY e EEM e MINI-CIRCUITS’ 740-pg HANDBOOK. 


CUSTOM PRODUCT NEEDS...Let Our Experience Work For You. F166 REV. ORIG. 
CIRCLE 143 FOR U.S. RESPONSE CIRCLE 144 FOR RESPONSE OUTSIDE THE U.S. 








LICENSE TO SPEED. 
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DRIVERS LICENSE 
CY7C199 


SRAMs 


"12 &15 ns 256 
K CMO 
* Dual Port SRAMs S SRAMs 


<csionsieet ns : | 
6&8ns, 256K BiCMOS SRAMs 
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* VIC64 g& companion 


964 VED 
US Chin— 
data transterg »  OMb/s 


BOOK 7 EM If your project demands high performance, 
throw the book at it. The new IC product 


Data Book from Cypress Semiconductor. It’s free. And invaluable. When you use the 
_ Data Book, you can be sure your system will hit the streets running with the fastest com- 
ponents available: Blistering PLDs, PROMs, and SRAMs. Lightning-quick LOGIC, DRAM 
~ and Cache SRAM modules. Call/fax for the free Data Book today. And really open it up. 
















Data Book Hotline: Europe (32) 2-652-0270, == ~~~.- 











_ __ Asia: Fax your request to: 1-415-940-4336" SSS SpiCONDUCTOR 


Ask for Dept (3C 


Or contact us via Europe fax and Asia telephone numbers listed below. 
* The international operator can give you your country’s specific access code. Europe: Fax (32) 2-652-1504. Telephone Hong Kong: (852) 3-880-629. 
3 Cypress Semiconductor, 


India: (812) 566-630 x-3808. Japan: (81) 423-69-82-11. Korea: (82) 2576-2111. Singapore: (65) 294-8389. Taiwan: (886) 2-820-53-53. © 199 
3901 North First Street, San Jose, CA 95134. Telephone 1-408-943-2600, Telex 821032 CYPRESS SNJ UD, TWX: 910-997-0753. 











